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Introduction

~

There is a concerted effort to infuse problem solving
into the school mathematics curriculum. One impetus for
this movement i3 the recommendations of the National
Councilv of Teachers of H%thematicé—presented in An Agenda
for Action (NCTM, 1980). Tﬁe ndmber one recommendation of
the report was “problem. solving ghould bé the focus of
!chool mathematics in the 1980°’°s." Judging from the many
publications ané conference presentations devoted to
problem solving it is an idéa whose time has come. Thus,
while the mathematics curriculgm emphasis in the 1270’: was
back to basic;, the emphasis in the 1980°'s nromises té be
problem solving. .

Although. there is much interest in problem solving
being expressed by practitioners and researchers alike,
many important gquestions exist. Folya’s four steps have
been widely accepted but do not provide specific directions
for seaching problem solving (Folya, 1942). 1In particular,
littlb is known about effective instructional methods at
the eﬁementa;y school level. The 1980 vyearbook of the
Nation;l Council‘ of Teachers of Mathemati;s, * Problein

_Solving, proviaes some guidance for teachers but only

sarves as a beginning to understanding the teaching of

[ Y
oy




p;oblem solving. o ,/ A
During A t;§~~1970;5. attention dﬂs given to tae
processkses studenés use in _problem solving. " Researchers
have studied the use ofr process variables and their
relation to ‘problem 'solving succesas (FKantowski, 1977
Lucam, 1974; Schoenfeld, 1979: Wabb, 1975, 1979: Zweng,
1979). These studies have provided useful information

which has led to the formulation of several instructional

methods for teaching problem solving (Lester, 1980). Among

»
-

those methods listed by Leste- are: 1) have students solve
many problems without intervention by the teacher; 2) teach

specific skills, e.g., draw diagrams, translate word

péoblems to number sentences using wo;d clues; and 3) teach
heuristic strategies. For this study, the teuristic
approach was chosen as the instructional method.

While the teaching of heuristics has.proven' effective
at the university level (Schoenfekd, 1979, little 1is known
about applications at the elementary school level. It has
been recommended by krulik and Rudnick (1980), LeBlant
(12;7). Meiring (1980).' Folya (1974), and Schoenfeld
(1980) . Séhaaf (Note 2) cdeveloped an instructional program
designed to teach heuwristic sirategies. Based in large’
part on  Schaaf’s instructional model , this study

investigated the effectiveness of such & heuristic approach

" to problem solving instruction.

Dramatic ?Efes and low prices have stimu;ated many
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professional. groups to call for axperimentation‘ with the
use of calculators (Higéiqs, i974; NACOME, 1975; NCTM,
1974; NCTM, 1980). Studies of calsulator use gene-aily
have taken the form of having.one group of pupils use
zalculators for a fixed period of time and another group
study the same material Qithout a calculator followed by
testing for achievement differences. -Nhile ’this type of
research is essential and valuable, there is a need to
understand the i1mpact of -calé&lator use on the learning of

\

specific domains.

With the increased use of calculator: in elementary
school mathematics, problem solving of elementary school
_ pupils may be enhanced. Since in problem solving it is
often necessary 69& ——perform——difficult  and lengthy
computations, 'th;'act of switching into the computatio;al
mode may detract from using effectivé problem solving
heuristics. . Thus, availability . of calculators may
facilitate the development qf problem solving skills. As
Suydam (19?8) states, ' J

The calculator’s relaticnship to problem-solving is a

question of vita.L concern. Although the research in

Suydam®s 1976 report for the NSF shows conflicting
= reports about:c;lculatar effects on probleq solving,

all of the re=earch. . . had the common element that

the calculazo~ was édjuct to units in praoblem

solving——1t wis not incorporated into a specific




-
problem solving strategy. This appears to be the
best hope for metziggiglpuneofthncalculntor~-
by incorporating’it into a specific strategy

In solving problems without a calculator, two
contrasting modes of thought are usually employed. They
are (1) deciding how to solve t;e problem and (}2)
performing the .necessary computations. 1In devising a “p;;H

L4

the .individual mukt synthesize ideas, try several

approaches and in general keep a global perspective. On -
L ) . >

the other hand, papeﬁ—and—pencil computations necessary to

solve the prpoblem require rule oriented behavior. It is
,;iuggegted that the extensive time devoted to computations

may inhibi the use of problem

p———
o S

focusing u fttention-©6n the mechanics of computation.
In fact, the pupil may seée the task as (1) quickly deciding
what to do and %@) computing to "solve theaprob}em" {(Suydam

and Riecesel, N;te 3). However, if pupils realize that
computations can be performed quickly and'accurately on ‘a
calculator, they may be able to fogus on devising a plan
and evaluating a derived result. Finaily. the calculator

ﬁay become a tool for thinking whereby different strategies

are é;ssible.

Purpose

The purpose of this study was to compare the problem

LY
-3

solving strategies by ..




solving success and strategy use of sixth gra&e pupils as
influenced by calculator use. The following research
qucg}kﬂnn wcre'poieds )
1. Is a heuristic strategy approach to problem
solving instruction effective with sixth
— ‘ grade pupils? '
'2. After learning to solve problems. with the aid
of a calculator, do elementary school pupile
a. cmplay'n wider range of problem solving * ’

.

- strategies? .
/\/’ b. differ in $heir strategy choices? -
C. require less time in problem solving?
— : d.. solve more probl ems corr!ctly?
N 3. Is there (a differential effect of problem solving
‘, instruction nndncalculator use on pﬁpils of

\ varying ability? .

ip thirteen cmpirigal studies. with elementary school pupils
using calculators, nine studies reported achievement
results favoring the calculator group, one t}vﬁking the
né;calculator group, aqd threae reported mixed results
(Allen, 19764; Borden, 1977; Campbell, 1974; Hawthorne,
1976; Jones, 19763 Nelson, 19743 Schafer, 1973 Wheatley,
Shumway, Coburn, Reys, Schoen, Wheatley, & White, 1979;
White & Shumway, 1977). (Nhere differences were found, they

were on tests of concepts, reasoning, or problem s0lving.

[ Y
o
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‘l
In a large scale study (n=1386, five pites) the impact

of calculator use in elementary school mathematics was

assessed (Wheatley, at. al., 19793 Shumway, White,

Wheatley, Reys, Coburn, % White, 1981). Relevant to the
present study, there were no significant treétment
differences in mathematics achievement or attitudes. In

»~

particul ar, the ;oncalculator and calculator groups

_performed at the same level on the applications section "

(word problems) of the Stanford Achievement Tesl. "While

the calculator group did not score significantiy h;gher, it

must be recognized that the treatment did not emphasize

problem solving. Furthermore. the level of overall

calculator use approximated "first time use" in a school.

WithA more emphasis ®n calculator use 1nqproblem solving,
. -

differences might be observed.

Kasnic (1977) reports a study of calculator assisted
probl em solving. The sixth grade pupils worked through
problems in two W0 minute sessions and were then posttested
on problem solving. There were no treatment differsp:as
attributable to calculator use. - He did find that éhe
calculator assisted the low ability problem solvers to
solve more problems correctly. The study was compounded by
a school effect; each treatment was in a di{ ferent school.

Kasnic nocokmonds that future studies of this nature have

longer treatment periods.

A study was conducted by Wheatley (1980) using a

A




&

/

»
-

degign similiar te the one used in the present study with
50 sixth grade students. Over an eight week period one

class of sixth grade pupils studied problem snlJﬁng without

calculators while another class taught by the same teacher

studied problem solving with the aid of calculaters.

Wheatley found that (1) the __.ecalCulator group used
- _/

significantly more pr am solving ‘processes, (2) the

calculator group made significantly fewer Eomputatidﬁal

errors, and (3) there were no differences in problem

* L]

solving scores or time for completion of the task. The

results sugnest that.‘problem s0lving is enhanced by

calculator use.

-

The think-aloud technigue has been uUsed successfully

f
/

to studQ proplem solving processes (Dalton, 19745 Days,
1977: Hollander, 1973; FKantowski., 1974; Kilpatfick, i?b;;
Paige % Simon., 19663 Schwieger,5 1975; MNebb, 197%) .,
éecgntly, Ericsson apd Simon (1980) put forth a strong
rationale for using the think-aloud technique. They arfue
that verbalized data should be considered as valid /and

¥

reliable research data. They ;urther posited that the
think—albud process does not interfere with the subjects’
thinking. However. ." =y do point out that "Some heeded
information may not be * vocalized. wh;n task directed
processes take priority and iffterrupt the verbal. encoading

and production processes." p. 225. This suggests a low
¢

interference level when using the think-aloud technique.




vy 8
While, at times, the child may not be aware of the
processes being used and thus not-be able to verbalize his

or her reasoning, much can be learned using the thiné-nloud

technique. '



PROCERPRE
Sample
The subjects for tﬁis study were 330 asixth grade
Pupils drawn from a migwestern city of 5%,000. The people

of the city represent a bread lpcctrum'of socioeconamic

lavels. The achievement levnl'of the pupils in the sample

Eightean classes from seven elementary schools and ten

teachers were represented. 'The teachers had from one to 37

fanl of teaching experience.

-

'Inltrumentation

A Problem Solving Test (PST) was constructed to assess
the problem solvipg performance of pupils: Based on the
work of Wheatley (1980), fiye problems were selected. The
problems were piloted with comparable subjecés prior to the
scheduled interviews. An  attempt was made to salect
problems which could Be solved by a variety of ;trategies.
The five problems used in thc int.rviews are shown 1in
Appc&dix A.

All five problems were presented to all subjects ;?
the order shown. The criteria for- problem selection f:
0iven below. ‘

]

1. 'The problem can be sclved in more than one way.

2. The probfﬁh‘hequiren @wore than one step to

e

a9
Lo

wWas near the fiftieth ‘percentile on national norms.

“
A
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»

solution.

3. Th; problem requires nrithqetical computations.

4. No simple algorithm is.iir.ctly IppliClH}.- ~

S. The problem is challenging but comprehengible

by sixth grade pupill.'

The subj;ct interviews using the PST were conducted by
two two-person te;ms over'a four week period in February
and March of 1981- immediately 'following the 18 week
treatment phase. The thiﬁk-aloud-tachnique was utilized.
One experimenter bact!d 48 an observer, recording any
pertinent information while the other experimenter
presented.- the tasks aqd questiohed the subject. Each
interview :39lion was tape recorded for latér analysis. A
coding form developed for the purpoic ;an uaed to record
strategy use, computational errors, calculator use, ‘and
nine other categories of observed behavior. The Interview
Cadng Fora is found in hpé.n;ix B. The 16 interview
ratings are listed and defined in Appendix C. Immediately
following each interview the experimenters discussed the
coding. Selected sections of the tape recorded protocols
ware played as necessa y to agree on the:ratings to be

9

assigned.

L 4

The Iocwa Problc@ Solving Pretest and Poattest, Forms

7

%51 and %62 (Schoen and Oehmke, 1980) were administered to

all classes. The pretest was given during the first
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-

I

treatment Qéek'and the posttest was adminigtered during the
eighteenth %rlntment week., The pretest results were used
to clnlrify subjects by ability. A Math Attitude and a
Calculator Atti{ude Inventory (shown in Appeg&lx'Q) 'has
g{vnn on the lnme;uay as tpe Problem Solving Tests. Ihos;
inviﬁtorlns provided a measure of thg pupils attitude
toward math and calculators. The results of fhe Proﬂlem
Solving pnneist provided daﬁg for classification of

subjects by ability.
N . \
Design " 2
Initially, the 18 classes were randomly assigned to
the -ghrin treatment groups, “Calculator .Problem Solving
(CPS), Problem Solving (PS), and Control. After school
began, ona class was shifted from the éS to the CPS group
to compensate for nbility’grouping at one schonl; The
number of subjncﬁl in each tngatmcnt group was, CPS = 1350,

PS = 7%, and Control = 10%. In September, just prior -to

the treatment phnée, the Iowa Problem’Solving Test (Schoen

and Oehmke, 1980) was administered to al)l subjects. On the

basis of the IPSP data, three problem solving abilipy
lavels were aetermined. The number of subjects in each

treatment by ability cell is shown in Figure 1.

A decision was made to have 102 pupils (34 from each’

'truntmcnt group) respond to the PST. It was felt that 34

ooF



S
. ) _ ABility -
'l.'rutunt\ Low - Middle High
cPs 29 65 56 150 .
PS 20 36 19 75
Control 35 - 53 17 105
‘ Y
., 84 154 92 330

Figure 1 The number of subjects in each Treatment X

Ab{lity cell,

Treatment
Ability CPS PS Control
High 9 ‘9 9 27
Middle 16 16 16 48
*
Low ' 9 9 9 27
34 34 34 102

Pigure 2. The number of subjects in each Treatment X

Ability cell taking the PST,

1
1
i
]
|
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a .
in each treatment group was adequate and this was the

mfximum that could be. tested with the PST. ., It was deemed)

- important to have balanced reprcl-htatidg from the three

:pbility groJ;s. Further, it was decided to over sample the

middle .bilii? group.l These dec:sions led t; the design
shown in Figure 2.

The PST was administere& as a posttest to the 102
selected students., Th; ;8acores from the PST were analyzed
;liag a4 I (Treatment) X X (Ab;’r:y) analaysias of yarianc;.
If the as:umption‘for analysig, of variance were not met,
Wilson non—q::éﬂsj‘%c procedire was used (Wilson, 1956) to

nﬁilyze the data.

E ' The IPST was administered to Ali.subjcctsL~in the
% study. Complete data w;s available for 330 subjects. The
| data were analyzed gsing a3 (Treatment) X I (Ability)

analysis of covariance with the pfetegt as a tovrriate.

Treatment Materials

+
4

The problem s?lving aterinfl wére assembl ed ang
dcvoloﬁed by the research team)\ The Techniques of Problem
Solving, Deck D, containing 200 problems on cards was
nvail;ble in each of the CPS and PS8 classroq@s‘(areenes,
Imacrznel} Ockenga, Scnulman.' Spungin, 1980). Téﬁﬁherg

were encouraged to have ‘pupils complete as many ¢cards as

feasible in the time available. A caopy of Keystrokes:

. ERIC S 25 - ,
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Exloring New Topics, was available in each nf\txf CPS
clallqonms (Reys, Bestgen, Coburn, Marcucci, Schoen,

Shumway, Wheatley, Wheatley, & White, 1980). One challenge

Al

problem was delivered each week on a large poster to
&
further stiumulate problem solving activity. Additionally,

problems ‘were selected from other sources. Of paréicular

valua were the cards developed in the lowa Problem Solvirg

Projcct-(lmmcrzecl, Note f) ;;d the Lane County Mathematics

Pr&ject (8chaaf, Note 2). Weekly sets of problems were
¢

prepared for each of the 18 treatment weeks. The first two

weeks were devoted to introductory activities. During the

ﬁ'“ next five weeks, five problem solving strategies were

taught, one each- week using materials provided "'by the
researchefs. The five strategies taughtuware (1) Guess gnd
Test, (2) Draw a Diagram,” (3) Make a List, (4) Simplify,
and (5) Look for a Pattern. Later, % leswson on write an
Equation was taught. Dther specific lessons were suggested
to teachars in lubpeq&ent waeaeks, The last half of the
treatment, period was . voted to problem solving without
focus on any lpecific it[ategy. Teachere were directed to

encoyrage strategy use. Discussions of ‘thg,isﬁratcgies

{ -~

followed problem solving sessions. ~

Calculators were provided for each child in the CPS

classes. After careful study of the available calculators,

*

& decision was made to purchase the Sharp EL 211, This

27

§

o
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model has an eight-digit LCD display, the four arithmetic

functions,  percent. memory, squar® root, and automatic
S~

o

shut-off. . The calculator worked' quite well in the study.
Failure rate was less than one percent and the batteries

lasted for the duration of the treatment.

Description of the CPS And PS 1reatments

The Calculator Problem Solving Group and the Problem

Solving Group experienced similar praoblem solving

activities, Thg‘only difference between the two groups Was
the use of calculators. The same problem solving materials
were Aistribdted each week to the CPS and PS classes.
Where calculator activity sheets were provided for the CPS
cl asses, similar activities wé%e provided for the FPS
Elasses. In preparing the PS worksheets, references to
| calculators were removéd. Every effort was made to proyide
the same experiences for both groups except for the use of
stalcul ators.

In addition to the project materials distributed each
wealk, all clagssesg ;tudiei from their addbtedlmathematica
textbook (Scott, Foresman QSeries). Teachers were asked to

L]

plan approximately two days per week for problem solving.

__ ———"The actual time devoted to problem solving varied from
* clasg to class but most 'teachers did spend the prescribed

time on problem solving. Some teachers spent more than the

»

.




two days per week on problem so0lving.

-

The classes in the Control Group did not study any of

the problem solving materials. Teachers were asked to

¢

teach from their text as prescribed by the school

‘administration.

Weekly plans were developed for classes in the CPS and

PS tronfmontl. These plans included the following topics;

’

Weeks 1-2 Exploratory activities, introductory problem

. solving, and calculator activities (for the CPS

Broup)‘
’_. ~
Week 3 Introduction of the Guess-and-Test strategy
7
Weak 4 Introduction of the Draw-a-Diagram strategy
Week 5 Introduction of the Make-a-List strategy -
Weeak & | Introduction of the Simplify strategy
Week 7 = Introduction of the Look-for—-a—-Pattern strategy .

Weeks B-9 Mixed Practice on all strategies

Weeak 10 Introduction of the Write-an-Equation sirategy

Weeks 11-18 Mixed practice on all strategies

In teaching the strategies, teachers would pro;oyt a
problem, discuss it with the class, demonstrate the use of
that particular strategy, and after providing time for
problem solving, have class discussions in which strat-g?

use was discussed. Each week when ‘a new strategy was

Y

» l}‘
L XY
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introduced, the strategies previously introducea were
reviewed and applied. During the week that a particul‘r
strategy was introduced, problems which lént themselves to
the use of that strategy were iftluded in the problems

distributed for usc. Throughout the treatment, pupils were

encourdged. to select the strategy(s) they wished to use on

any given problem. Pupils were encouraged to be
exploratory and use & variety of problem solving
strategies. Since each teacher was ultimately responsible

for the instruction in his/her classroom, there was
variability in the treatment implementation. A copy of the

Flow-Charted Schedule of Activities is shown in Appendix E.

-

Case‘Studies ) /

During Septemter, 1980, seven students from the CPS
. T

and PS Groups were identified as case study qubjects.
ékudents who appeared to be active and able to commuhicate
were selectzd. During the treatment phase each of the case
study subiects was observed weekly by a project staff
member . Information was recorded on the Case Study
Dbs&rvation Form shown in Appendix F. Only the project
staff (not classroom teachers) were aware that case studies

were being prepared. _ These seven subjects were

automatically 1ncluded in tHe subsample selected to take

the PST.

»
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Inservice training

Three inservice training sessions, sach one and
ane-half hour in length, were conducted for teachers of t;e
CPS and P8 Classes. The +irst wsession was héld on the
second day of the school term. This, session preseﬁtgd a

rationale, overview of the study, and .xplnnationq‘ of

problem solving strategies. During this session, CPS and ~

P8 teachers met separately with a project directoﬁ: A
Teachers Resource Packet was distributed. It contained the
following items.

1. project goals '

2. procedures o . »

;. time schedules , >

4, probln; solving gui&elines

. explfnations of problem snlvi%g strateg;es

b, lg@pli,pr%?lcms '

7. wWays nf,gti;izing calcul ators

8. teacher log forms

9. student and teacher record sheets.

Classroom obsarvations

The clasges in the CPS and PB groups were visited at

least once a week by a project staff member. During the

visits, the staff member observed students, talked with the

)|
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teacher if time permitted, intgract.d with students, and
delivered materials foriA the following week (selected
problems and one challenge probllm)(

The observations provided the opportunity to determine
the level and nature of treatment implementation, observe
case study subjects, gain valuable impressions about the

problem solving process and help the teacher implement the

treatment as designed.

u

(o
o

Jme
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RESULTS

The Problem Solving Test

The CCDFQlfbf the 102 wsubjects selected to take the
PST were analyzed using a 3 X 3 (Treatment by Ability)
analysis of variance when the statistical nllumption’ were
met and by a wglsnn’s nonparametric analysis of variance
otherwise. The assumptions were not met for the variables
Looking Back, Computational Errpr, Time, Calculator
Frequen:y, and Calculator Use. In order to compare the
performance of the CPS and PS groups, planfied comparisons

were used. In a similar manner, planned tbmp.risons were

- 1

used to compare the average mcore of the CPS5 and PS groups

LY

to the Control group. The cell and margin means- with

standard deviations are shown in Tables 1 and 2.

Strategy Use. The two main effects were significant

and there was no interaction. As shown in Table I, the
treatment effect was highly significant with an F value of
44.1. The CPS and the PS group means were each
ltgntéicantly greater than the Control group means while
the CPS and PS difference was not significant. The ability
group means' paralleled the corresponding means on the 1PSP
Test. The differences were significant but less dramatic

than the treatment means.




Table 1

Treaatment X Ability Means and Standard Deviations

for PST Variables

Abilicy

’ Nigh Middle

Yeriadble crs . s Control crs £ ]
v 12,78 13.00 467 10.13 11.19
Stratesy Uoe +.63)° (421 (2.60) (2.90) (3.39)
- guccess ’ 22,44 18.00 8.00 14.63 12.63
- (7.89) (9.15) (5.59) (1.82) (6.28)
Zatimation .3 3.78 1.00 2.63 2.63
. - (2.06) (1.48) (1.32) (2.06) (1.59)
Representation 7.22 7.11 3.4 3.50 6.23
(1.56) (1.48) (1.42) (2.48) (1.49)

3.67 2.78 1.78 2.81 2.23

Gonditions 12 0  (low) (128 (0.86)
Organtsation ) 3.4k 1.67 2.9 3,80
(2.22) (2.30) (1.41) (2.26) (2.31)

Plen 8.00 7.44 3.89 5.69 6.50
(1.58) (1.o1) - (1.90) (2.41) (1.03)

Looking Back 4.00 3.22 0.78 3.00 2.6
(3.3%) (2.86) (0.97) (2.00) (1.90)

Confidence 7.67 7.78 4.00 6.31 6.88
(2.06) (1.39) (2.18) (1.58) (1.59)

7.11 7.6 s.%6 6.81 6.94

Perststes (2.15) (1.88)  (1.51)  (L.56)  (2.21)
x 0.56 2.5 0.44 1.%0 2.46

putationsl Brror 013 (La2) 0.7 () (2.37)
Corvect Selution 9.67 7.33 3.22 .94 5.13
(5.39) (.07 (2.39) (3.68) (3.81)

Method 12.00 10.67 4.0 8.06 7.50

Gorrect .00 4D GuD  OEn (28
Time 32.78 31.89 26.22 29.63 40.36
. (15.33)  (12.17) (8.60) (7.28)  (16,41)
Calcwlator 10.67 2.44 .22 .19 1.81
Troquency (5.27) (5.08) 4.92) (4.68) (2.71)
Quality of 7.00 2.00 2.3 $.00 1.50
Calculator Use . 25) (4.00) (2.69)  (2.73) (2.31)

&ﬁ. The number of subjects in sech trestment group was 3.
g

'!tandntd davistions in parenthesse. o
Q

Control

3.54
(2.80)

3.00
(4.45)

1.44
(1.21)

3.56
(2.22),

1.00
(0.73)

1.19
(1.28)

4.3
(1.90)

1.06
(1.34)

4.38
(2.34)

4.31
(2.19)

1.69
(2.58)

1.25
(2.09)

1.75
(2.52)

17.75 ,
(5.16)

2.25
(3.13)

1.69
(2.52)

2.5
(3.2%)

3.44
(2.51)

5.33
(4.00)

27.44

(8.66).
4.11

(4.29)

2.89
(2321)

Lov’
PS Control
8.78 3.22
(5.36) (2.64)
10.78 3.11
(9.24) (3.18)
2.44 1.11
(2.13) (1.03)
5.78 3,22
. (1.72)
0.78
(0.67)
1.11
(1.69)
s.11
(0.93)
O.44
(2.29) (0.73)
5.67 s5.11
(2.29) (1.76)
5.89 4.00
(2.03) (2.60)
&.54 2.33
(4.28) (3.57)
.44 0.89
(46.39) (1.45)
6.67 - 2,22
(4.00) (2.11)
41.33
(19.71)
3.67
(4.03)
2.56
(2.6%)
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Table 2

S

Treatment Means on PST Variables

Varisble cPs (34"

" Strategy 10.2 (3.9°
Success 15.1 (8.9)
Estimation 2.8 (2.0)
Representation 5.6 (2.2)
Used all
Conditions 2.8 (1.3)
Organization 3.3 (2.2)

lan 5.9 (2.5)
Looking Back 3.3 (2.4)
Confidence 6.3 (1.,9)
Persistence 6.8 (1.7)
Computational ‘
Exror 1.5 (2.5)
Correct Solution 6.3 (4.5)
Correct Method é.k (4.6)
Time 29.9 (10.1)
Calculator
Frequency 8.2 (5.3)
Calculator Use ‘ 5.4 (3.2)

*See Table 1.
Standard deviations in parentheses,

b

Treataent

PS (34)

11.0

13.6

2.9
6.4

2.4
3.0
6.6
2.9
6.8

6.8

3.0
5.3

8.1

38.5

2.5

1.9

(4.4)
(8.2)
(1.7)
(1.7)

(1.0)
(2.2)
(1.4)

(2.2)

(1.9)
2.1)

(2.9)
(4.4)
(3.9)

(16.4)

(3.8)
€2.9)

Control (34)
3.7 (2.7
4.4 (4.9)
1.2 (1.2)
3.4 (1.9)

‘1.1 (0.9)
1.3 (1.4)
4.5 (1.7)
0.8 (1.1)
4.5 (2.;)
4.6 (2.2)

1.5 (2.6)
1.7 (2.2).

T (2.9)

19.4 (7.5)

2.3 (3.6)
1 1.5 (2.3)
%

B i

PERE
R ,t
.
*

Total (102)
8.3 (4.9)
1i.0 (8.8)
2.3 (1.8)
5.1  (2.3)
2.1 (1.3)
2.5 - (2.1)
5.7 (z.1)
2.3 (2.2)
5.9  (2.2)
6.1 (2.2)
2.0 (2.7;7
4.6 (4.3)
6.4 (4.6)
29.3 (15.2)
4.6 (5.4)
2.0 (3.3
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Table X
Analysis of Variancze on the PST Variable )(
Strategy Use
.t Saurce df MS F
i Treatment (T) 2 549.0886 44,110 xkx
Ability (A) 2° 83.810 6. 733 %xx%
AXT . 4 8.212 . 8660
Error ) - 93 " 12.448
L § 4 pt .0
3x  p< 081
- T &
- 12¢ "
®
»
= &
a
3 T
o0
o
]
5 8+
(-]
L]
o
" 4
] é ¢
=
, L3 o Legend
- Bish
+ -~ Middle
& Low
’ . R Ability .
0 +— + + Y
Control Ps CPS
' ‘ Figure 3. Ability by Treatment Interaction for
Frequency of Strategy Use. . ‘




Success Score (0-40)

Analysis of Variance on the PS8T Variable

- ———— —

Source

F L)

Treatment (T)
Ability (A)
AXT '
Error

1134.775

24.884 12X
11.596 xxx .
1.058

13 p< . 001

16 +

81

Figure 4. Ability by Treatment Int raction for 8

. -

L~ -
Legend

-~ !ugh
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Ability Yy

b
uccess.
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Success. The two main effects were significant and
there was no interaction. As shown 1in ' Table 4, the
Treatment effect was highly significant with an F value of

24.9. The CPS and the PS group means = were each

14

significantly greater than the Control group mean while the

CPéQPS difference was not significant. The ABility effect
was Ssignificant with higher ability groups havirg higher
m.nQ’. Tm? within treatment ability differences were
somewhat ;:entec for the CPS group than the PS or Control

groups. This observation is important because the same

pattern was noted on other variables.

\

~
Estimation. As can be seen in Table 5, only the

Treatment main effect was significant (F = 10.%5), The CPS

_and PS group means were each significantly greater than the

Control gréupt mean, while thgrn qn; no difference in the
means of the CPS and the PS groups. Tho'high ability P8
group had a higher mean than the CPS group in _an absolute:
}athor than a statistical sense. It may bo‘ t;at high
ability students learn to estimate better without a
cnl&ulntoq.

Representation. The two main effectsawere/gignificant

and there was no interaction (see Table 6). /%;o treatment
effect was highly significant with an F value of 22.4. The
CPS and the PS group means were each sgsignificantly greater

than the Control group mean while the CPS8-PS difference was

o
(g
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Table 5

, Analysis of Variance on the PST Variable

Eltimatinn’

26

- -~

Source " df MS F
Treatment (T) 2 29. 686 10.45%54 x%x
Ability  (A) 2 3.000 1.0%6 -
AXB 4 2.121 .747
Error 93 2.840 . v
X% p< +004
%
4 7
l'\' 3 2 |
2 ] |
e |
> |
o |
8 ,/
o 2 4 |
|
3 ;
3 |
= 14 Legend ' |
1 1
-o Hish
- - Middl
. ~&~ Low
0 R N . Ability
- Control Ps CcPS '

Figure 5. Ability by Treatment Interaction

for Estimation.
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Table & .
Analysis of Variance on the PST Variable -
Representation . e’

Source df MS F ’ .
Treatment (T) 2 77.029 22.619  xx T e
Ability (A) 2 17.129 9. 03 1 §
~AXT _ 4 5.389. ©  1.582 .

Error 93 .3.406 . L
'  p< .01
kxx p< L0001 s
8 T :
° - -
vt i g
s 671 )
A . )
4 ' )
o
(Y] -
-] [
§ vy "
“ -
h . B
§
[ ] [
g .
o Legend
o R B .
-@- Bigh "
-5 Middle |
i - Low hd
. L ) Ability
07 + -+ * DA . .
Control * \q ‘ .
Figure 6. 'Abiuty by Treatment Interaction '
for Representation, \ i
~ , s
() ‘
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\\Pot " sighnificant. The Ability effect was significant
(p<.01) with higher ability gfoupl having higher means.
Figure & AJ;OWI one interesting pattern. The low ability

- CPS graup mRan was lower than the low nbilit? PS group

mean. This will be discussed in the next chapter.

“ Used all Conditions, The two main .effects were

significant and there was no interaction (see Table 7).
The Treatment effect was highly significant with an F alue ’

T of 24.1. The CPS and the PS group means were each

a

significantly greater than the Cgntrol g. wup mean while the
CPS-~PS difference was not significant. A% shown in Figure
7, higher apility groups had higher means.

+

Oéganization. The two main effects were significant

and there was no interactiohn (see Table 8). The Treatment

i S .effoct was highly significant with an F value ofill.z. The

CPS and the PS éroup means were each significantly greater

than the Control group mean while the CPS-PS difference was

not significant. The ability differences were relatively
small in the directions one would expect.

flgg: There was a significant interaction oFf

Treatment and Ability (seo Table 9). This interaction

resulted from a reverse ordering of the means for the

L

ability groups in the Control group (see Figure 9). The
pattern of means for the PS and CPS groups was similar to

that for the previous variables. The Treatment main 2ffect




Table 7
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Analysis OFf Varianqe'on the PST Variab{e

Conditions

-
~
I T

Source df MS F
Treatment (T) 2 24,980 24,0462 xxx
Ability (A) 2 8.4677 8,338 xx
AXT 4 9.088 952
Ervor 97X 1.038 .
 § 4 pe .01
kX p< L001

i
k)
A
P
s 3 1
e
[
~
)
Q
17, ]
- L
g 2 1
ol
&
wd
o
c
0
o
1 [ Legend
-+
-~ High
-3 Middle
' -A_ Lo'
0 + N + Ability
Control PS CPS

Figure 7. Ability by Treatment Interaction

for Conditiuns.
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Table 8
Analysis of Variance on the PST Variable
Organization :
Source df MS F
Treatment (T) ’ 2 39 647 11,250 X%
Ability (A) 2 15.548 4,417 «x
A X-T 4 4,304 ‘ 1.222
Error 93 3.524
) >
X ps .05
X pe .01
T
”~~
8
[} 4b T
o
o’
v
"
o
12}
" +
-]
o
-l
& -
]
N
wd
& 2 4
20
jn
o)
Legend
T : -g- High
—9- Middle
A Low
, Abilit
0 — + ¢ Y
Control PS Cc?s

Figure 8.. Ability by Treatment Interaction
for Organization
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. Table 9 <é§

Analysis of Variance on the PST Variable

Plan

Source df M8 F -
‘Treatment (T) 2 39.775 13.237 ¥k )
Ability (A) 2 12.037 4.006 x )
AXT . 4 13,725 4.568 x%
Error 93 3.005
f  p<.OS '
% p< L 0%

£t p< 001

81(
, 6+
”~~
[~]
Ll
L~ R
o
-
]
|
-4
- N
o 2+ . Legend
~o- Bish
~- Middle
0 — ' + Ability
Centrol ‘ PS cps

Figure 9. Ability by Treatment Interaction
for Plan, .
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F was 13.2 with the CPS and PS group means higher‘ihan the

Control group mean.

Looking Back. The Wilson ANDOVA showed a pronounced

-]

Treatment effect (see Table 10). Figure 10 shows that éhe

’

CPS and PS group means werﬁ much greater than the Control
group mean. There were no Ability effects.

Confidence. There was a significant Treatment main

effect (see Table 11). The CFS and PS group means were
significantly greater than the Contreol group mean while the
CPS and PS8 did not differ. Althgugh\\sﬁc Ability main
effect ‘was not :iéﬁificpnt. the predicted ability
differences were observed in the PS and CPS groups bu£ in
thgn“E9ntrol group they were neutralized by a reverse
nrderinginf the ability means (see Figure L1).u

Persistence. There wiz a significant Treatment main

- affect (mee Table 12). The CPS and FPS groﬁﬁ\maéns were
®ach significantly qgreater than the Control group mean
while the CPS and PS means.did not differ. There were no

Ability or interfaction effects.

Computational Error. Because the Computational Error

1
scores were not normally distributed, parametric ANOVA
procedures could not be used. Wilson’s ANOVA procedures

showed a significant Treatment effect but no Ability or

interaction effects (see Table 13). The PS group made

s
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-Table 10
Wilson's Two-Way Analysis of Variance on
the PST Variable Logking Back
Source - af * x?
Treatment (T) 2 24,267 xxx &
Ability (A) 2 . «180
AXT . 4 2.639
Total ‘8 27.087
8% p< L001 °
Y
e
©
T 37
o
L "4
A
o
o
-]
'3 2-1b
<
g
ol
e
-§ \ Legend
1.
-o- Bigh
-3~ Middle
- m
L . Ability
_0 # . L - .
Control rs cPs
Figure 10, Ability by Treatment Interaction

-for Lookirg Back,

e F
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Fd
Table 11t
Analysis of Variance on the PST Variable
Confidence
Source ‘ df M8

Treatment (T) 2 S1.778 14.405 xxX
Ability (A) n 2 9.497 T 2.642
AXT ) 4 9.132 2.%541
Error 93 3.594

5% p< .001

B-lP
~~
3 ey
e
H
S
2 .
s 47
i§
o Legend
-1-
' —o- Migh
' - MNiddle
- Low
Ability
0 ~+ —+ -+
Control ) 1 ] crs

Figure 11, Ability by Treatment Interaction

for Confidence,
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Analvsis of Variance on the PST Variable

Table 12

Persistence
Source df ’ M8
Treatment (T) 2 58.127 14,800 xx%xx
Ability {A) 2 10.807 2.752
AXT 4 1.348 . 343
Error 93 3.927
12 p< L0018
' ’

8T
§ =
e o7
:
|7
-]
P
&
]
wl
] s
H ——
&
o Legend
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Figure 12, Ability by Treatment Interaction

for Persistence.
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Table 13
Wilson’s Two-Way Analysis of Variance on
the PST Variable Computational Errors.

————

¢t

Source

Treatment (T)
Ability {(A)
AXT
Total

] ¥ p<

Number of Computational Errors .

-@- Bigh
-3~ Middle
“A- Low

Ability

3 fen

+ Y

Control PS

Pigure 13, Ability by Treatment Interaction for
the Number of Computational Errors.
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Table 14

" Analysis of Variance on the PST Variable

-

Source

Correct Solution

37

Pigure 14. Ablll;y by Treatment Interaction for
Correct Solution.

df. - . M8 F
Treatment (T) N 2 197.922 15.565 kX%
Ability  (A) 2 120.168 9.4%50 X%%
AXT 4 8.941 . 703
Error X 12.716
e  p< 001
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Table 15
AHIIYIiI of Variance dn the PST Variable
Correct Method
Source A df {’/ MS F .
Treatment (T) 2 348. 951 28.966 kxx
.Ability (A} 2 151,391 12.567 2x%
AXT 4 10.844 . 902
Error { 93 12.047
$3%  p< 001
>

/

Cotrect Method Score (0-20)

~

12'ri |
4
8 1 ‘
- , j;
y 4+
Legend
’ - High
T B Middle
A Low é
) \ . Ability
Control -} - Lces %

Figure 15. Ability by Treatment Interaction for -

Correct Method.
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Total Time in Minutes

Ny Table 16

Wilson’s Two-Way Analysis 64 Variance on
the PST Variable Time

S8ource df Xz
, _
Treatnent (T) 2 24.284 KX
Ability (A) 2 2.642
AXT 4 10.322
Total B8 37.248

188 p< 001

12 +

39

0 +

4 i
v R

Legend

-3 Middle
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Ability’

Control PS CcPS
/
Figure 16, Ability by Treatmént Interaction for
the Total Time in Minutes,
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significantly more errors than either the CPS or Cont;ol
group.. In bggg,;he//g;ntro1 and CPS groups the Ability
group di**ef;nces wérg large in the predicted dire;tions
(See Figure 13). The number of co&putational errors of fhe

P8, CPS, and Cdntrnl groups were, respectively, 3.0, 1.95;

and 1.5,

Correct Solution. Tﬁe Success score was the sum of _

tﬁo Corr;ct Solution and the Correct Method scores. As can
be wseen from ures 14 and 15, the results for pntq
Correct Solution and Correct Method were quite similar and
paralleled the results for Success.

Time. The Time variable was exam}ned using Wilson’s

ANOCVA. There was a gignificant interaction effect (see

Table 16 and  Figure 16) resulting from a disordinal -

por*ormanci of tha\high ability PS group. There was little
difference between the means of the high ability groups
across treatment. The results for the low and middle
ability groups were neac}y ‘identical within. treatment,
while the PS subjects took longer than weither the CPS or

Control subjects.

Calculator Frequency. Wilson’s ANOVA revealed a

Treatment by Ability interactionzgsoe Table 17). AsS can be

ﬁ i
seen in Fiqyr§§‘17. this interaction resulted from the

.

disordinal performance of the ability Hlroups in the PS

treatment. In both the Control and CPS groups, the higher

-2
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Wilson’s Two-Way Analysis of Variance on
the PST Variable Calculator Frequency

uSouF:. df x%
\Treatment (T) 2 Y 17.949 ame
Ability  (A) 2 . 391
AX T , 4 8. 165
Total 8 26.50% -
$%% p< .001
-~
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Table 18

Wilson’'s Two-Way Analyais of Variance on
® PST Variable Quality of Calculator Use

p ———

Source af XL
Treatment (T) - 19.419 xxx
Ability (A) 2 . 290

TAXT 4 b.961 ——
Total 8 2b.670

XXX pg .001 . ‘
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Figure 18, Ability by Treatment Interaction for
Quality of Calculator Use,
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Table 19
+  Intercorrelations of 16 Interviey Ratings (n=102)
Variable

43

2 3 4 5 6 7° 8 9 10 11 12 13 14 15 16

1. Strategy .79 .57 .74 .75 .67 .65 .67 .60 .61 -.04 .71 .80 .52 .37 .42

2. Success .55 .74 .85.. .58 .69 .70 .55 .66 -.22 .96 .96 .37 .48 .51
3. Estimation .65 .43 .33 .56 E}l .57 .40 -.11 .54 .55 .17 .30 .36
4. Representation 60 .56 .8 Ce6 .59 .64 -.06 ..9 .7 .39 .25 .30
5. Used all Conditions 49 .52 .57 .38 .60 -.12 .75 .84 .46 .47 .52
6. Organization 53 .48 .41 .39 .06 .55 .60 .26 .25 .22
7. Plan ‘ .58 .60 .48 -.06 .63 .68 .19 .20 .22
8. Looking Back 46 .58 -.06 .70 .66 .47 .35 .36
9. Confidence .42 -.06 .53 .52 .15 .29 .35
10. Persistence .06 .62 .64 .50 .28 “.3?
11. Computational Error : -.31 -3 .27 -.32 -.31
12. Correct Solution 87 .30 .49 .50
13. Correct Method 41 .43 46
14. Time ‘ 14 16
15. Calculator Frequency ' .90 |

16. Calculator Use

L
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the ability, the more oféen the calculator was used,
However, in- the FS ﬁroup, the low ubi}ity subjects used the
calculator most frequently It is interesting to note that
while low ability Control subjects made almost no use of

the calculator, the low ability PS group made more use of

the calculator than either the middle or even the high

ability group. Yet the low ability CP5 group made
relatively little use of the calculator compared to the
other CPS ability groups. The Treatment effect‘was guite
pronounced with CPé’subjects using calculators much more
frequently than either of the other two treatment groups
(8.9 vs. 2.6 and 2.3). Figure 17 shows that there were
large mean differences between the ﬁbility groups within
the CPS group with freguency of use Qaralielling ability.
This will be discussed at length in the next chapter.

Quality of Calculatér Use. The results for this

variable are quite similar to frequency of use (see Table
18 and Fiqure 18). Evidently these two variables were
measuring the same subject characteristics.

Interr&lationship of variables on the PST

An  examination of the intercorrelation matrix of the
16 FST variables ghowed that most variables were highly
correlated (see Table 19). A factor analysis of the 16 FST

variables was performed using & varimas rotation.u The

results are shown in Table 20. Three factors resulted. It

-
—y €
) o
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is clear that tha/variablea toading on factor one, Success,

Conditions., Representation, Estimation, Looking Baclk,

Organizatian., Confidence, Persistence,,‘ énd Flan are
i

measuring the same general attribute. Factor One could be

called a problem solving performance factor. Table 19
shows that these variables were indeed highly correlated.
Factor 'Two could be called a time factor. Note that
paersiatence tends to load on this factory not an unespected
resul t. The third factor represgnts a calculator effect
factor. Calculator Frequency _and Calculator Use do not
load on either of the other two factors.

Table 21 shows regression arnalyses using Success as
the dependent variable and the other 13 variables as
independent variables (Correct Solution and Correct Method
were omitted because they are coﬁponents‘of Success). All
possible subséts were considered in the analysis (McCabe,
1978). The best sinale predictor of Success Wams
Conditions, accounting for S4% of the variance. The best
"combination of five predictors werg Conditions,
Representation, Laakbing Back, - Confidence, | and
Computational Error which together accounted for Bé4Y of the
variance.

Number of strategies used

In an attempt to understand the nature of strategy

use., several analyﬁaé of strategy use waere performed. The

%
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Factor Analysis of 16 PST Varinbics

- Table 20

After Varimax Rotation

Variable Factor 1 Factor 2 Factor 3
- Strategy .79 : .24 . 34
Success .85 . 39 .18
Estimation . 6% .12 -. 02
Representation .86 .06 .16
Used all Conditions « &5 .41 . 33
Organization .62 .11 .= 13
Plan .86 -.01 ~. 04
Looking EBack .70 .21 .27_
Confidence .65 .15 -. 03
Persistence . &0 17 .42
Computational Error ~-.11 -e 37 - . 36
Correct Solution .80 . 40 .10
Correct Method .83 . .32 . 24
Time « 25 ’ .06 .84
Calculator Freq. .19 .93 . 04
Calculator Use 23 .92 .05
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Table 21

Regressions Analyses of Interview Ratings
- Wwith Success as the Dependent Variable

Variables in Regression R

One at a Time

Conditions 73

Strategies &2

Raprasontatiop . 95

Looking Back - 390

Flan Y & A

Persistence «43

Organization « 34

Confidence .31 ;
Estimation / I § | 5
Calgulator Use . 26

Calculator Frequency . 24

Time .14 '
Computational Error .05 :

I'4

‘ Five at a Time

Conditions

Representations

Looking Back . 86
Confidence

Computational Error




Table 22

Average Number of Different Strategies Used
per Subject on All Problems

] Treatment Group
CPS PS Control
Mean 3.47 J. 56 1.74
8.D. 1.02 1.28 1.22
t o
Table 23
Number of Subjects Using
Each Strategy on
Problem One
] @ Treatment Group .
Strategy v CPS PS C Total
Guess and Test 20 23 3 46
Draw a Diagram Q 1 0 1
Make a List 1 E .0 2
Simplify 0 Q 0 o)
Look for a Pattern 2 4 0 b6
Write an Equation Q 1 0 1
Others i 1 0o )
Total i 24 31 X =8

Note. Th.‘numbor of subjects in each
treatment group was 34,



Table 24

»

Number of Subjects Using
Each Strategy on
Problem Two

Treatment Br&fg
Strategy T CPS PS - C Total
- Guess and Test 5 2 1 - e |
Draw a Diagram 0 o] 1
Make a List - 24 22 10 56
Simplify o (v o 0 o
Look for a Pattern 31 29 20 80
Write an Equation Q 0 0 0
th.rl 4 4 0 8
Total 65 S7 31 153
'A -

Note. The number of subjects in each
treatment group was 34,




Tnpl. 25
7’ . Number of Subjects Usihg -
Each Strategy on .
Problem Three _ / -
A ———— t\.‘ - ———
Treatment Grou -
Strategy T GPS F8 - C Total
X ot
Guess and Test 20 16 S - 41
Draw a Diagram o o 0 0
. Make alist 1 A S
Simplify ) 1 0 1
Look for a Pattern 2 B 1 3 )
Write an Equation 0 o \ 0 o *
Others , 3 10 3 16 )
Total 26 28 . 10 b4
. ‘ ‘ . i
Note. The number of subjects in each - 'k
treatment group was 34, .
- g\’
3
4\ 1 Aﬂ"q_




Table 26

Number of Subjects Using
Each Strategy on
. Problem Four

~ [ 4
Treatment Group
Strategy PS c Total
Buess and Test 2 ) 0 2
Draw a Diagram 12 12 - 4 28
/' .

Make a List o 1 o -1

<~ _
Simplify 0 1 o 1
Look for & Pattern 0 0 0 0
Write an Equation O 0 o) 0
Others S X 0 B,,
Total 19 17 4 40

I *

Note. The humber of subjects in each
» treatment group was 34.

S1




Table 27

Number of Subjects Using
Each Strategy on
Problem Five

‘ Treatmeft Group
Strategy P8

T Total
Guess and Test 29 31 20 80
Draw a Diagram 1 ] 2 O X
Make a List 14 21 2 39
Simplify 0 0 0 Q
Look for a Pattern 4 6 o 10
Write an Equation (&) Q O Q
Others () b 2 1 9
Total 5 0 62 23 141

Note. The number of subjects in each
treatment group was 34.

e gl
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mean number of &iff.r.nt strate?ins used by each subject on
the Five problems of the PST was computed for each
7tr-ntm|nf group. Results are shown in Table 222 The CPS
and PS groups used a greater variety of stﬁftogios than the
Control group while there was n6 difference between tHe CPS
and PS groups. The CPS and PS groups nvefaged more than

three different strfategies used on the PST while the

Control group averaged I:i:(;hgn two strategies.

Tablés 23-27 shéw the number of sub jects using each
strategy on sach problem. It can be observed that -the CPS
and PS groups consistently used more strateégies than the

Control group irrespective of the particular problem.

Results on the lowa Problem Solving Project Test

The nnaiyni, of covariance on the IPS# posttest scores
with IPSP pretest as a covariate resulted in a Treatment F
value of 4.61,,?1gnifiénnt at the .01 level (sve Table 28).
The IPSF posttest means were 20.4, 19.3, and 17.7 for the
CPS, Ps, and Control groups respectively. ‘Using
Newman-Keul’s post hoc anglysis on difference of means, it
was found that the CFS mean was greater than the Control
group mean but a{l pther differences were nbnsignificant.
However, the PS-Control Enmparison approached significance
at the .05 level. The analysis for the 102 subjects taking
the PéT is shown in Table 29. Thus. not only did the

Success score on the PST show treatment differences but the
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Table 28

Analysis of Covariance of IPSP Posttest Scores for the
Total Sample with Fretest Scores as a Covariate,

Source d¥f MS -F

e,

N ®

Trc;fdsnt (T)

2 114.73%4 , 9.385 xkx
Ability (A) 2 2.146 177
AK T 4 17.165 . 1.404
Error o T20 12.225%
k8% p< L 001 . -
Table 29
p
Analysis of Covariance on IFSP Fosttest S;ores for the
. Interviewed Subjects with Fretest Scores as & Covariate
Source = df MS F

- 61.56 . 4.61 %%

Treatment (T) =
Ability (A) = 12.98 .97
AXT 4 F.13 T .23
, Error s 13.36
C KK pe .01 )
!
5
s »
3y \
-
oo .
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IFSP results substantiate this finding. Taken together the
two rewults provide strong support for the statement that
the problem sblvinq treatment was effective 'in<imgroving

problem solving performance.
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Case Studies

Case Study Identification and Data Collection
Th; case study subjects were identified during the
first three weeks of school. In order to obtain information
about students for case study identification, students in
groups of five to seven, were interviewed informally about |
summer vacation, hobbies, interests, and school. Students
ware also observed in mathematics class during regular
visits. Specific notes were made about “he r-lpnnlivonos;
and participation of each child. Based on the interviews’
and observations, seven students were identified as case
study subjects. Criteria for case study selection were:
1. Only students in the FS or CPS treatment group
were considered. . &b
2. Boih boys and qirls‘were represented.
3. The case study subjects were able to \
communicate orallv to teachers, Qbserveré,
and other students,.
4. Each of the,hiqﬁ. middle., and low ability
qruupi"w;ra represented.
‘7 Only the inve;tiqatinq team knaw of the selection of
o cas® study subjects. Teachers, parents, or students were
not informed of tHis aspect of the project untif May, 1981.

. The case study subjects were observed each week during

the treatment phase of the project. An observation form was




developed for use during these observations. Every effort

was made"to observe closely and to talk with the case study

subjects in a group or i ividually during each visit,

The teachersélwere asked to keep & semester log of

nbibrvations and commgnts. Information in the teachers’ log

related to case tudy subjects - was combined with the

observational data ;ecorded by the investigating team in
preparing the case study reports. . -

At the rend of the; treatment phase of the project, each
case study subject wsas interviewed tb obtain responses to
specific questions. A list of questions for interviews with
case study‘subjects, parents, and teachers was written and
compiled for use at the end of the observation period.
These ‘questions were the basis for discuésion, yet the
questions were nat posed in a fixed order. A member of the
investigating team conducted an interview with the sub ject,
the present teacher, the former teacher, and one parent.
D}rect quotes were recorded during the interviqw.

The case study subjects were included in the sample of
sub jects to tale the PST, Sample work was also collected
where possible.

Each case study subject folder included:

1. Completed observational forms
<. Fretest and posttest data

J. Attitude data

~J
|
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4. Anecdotal data

5. Subject int.rvio; question responses

6. Parent/teacher interview responses
The above data constituted the information for this phase of
the final raeport., Figure 19 summarizes yho case ltudy

identification and data collecting process.

Description of the case study subjects

Paula is a typical sixth grade girl who has a strong
drive to be popular with her peers. She is pleasant, kind,
and most cooperative. She is a high average achiever who
receives good grades yet does not score as well on
achievement tests. She has alynyl been rated superior by
her teachers on school tasks and daily assignments. She

excels in carrying-out tasks by following explicit

"aiﬁoctionl. Paula’s parents are both active in community

affairs, and her social posture in school reflects her
parents’ social concerns. She strives ‘fnr peer approval.
Often it was difficult to observe Paula because she was
hesitant to share her work. She did not want to make
mistakes of to be ween using a "wrong" method.

Bob is a below average student who has strong family
support. He is a typical boy with interest in baseball,
¥ The names of the case wtudy subjects have bwen changed

to protbct their anonymity.

-3
:
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Aug. 28, 1980 Sept. 30 Oct. 1 Jan.16 JanI19 March 19 March 20 May 20 May 21 Aug. 15, 1981
i A ] . ]
Problem Observe Interview Interview Interview . )
solving case study -~
classes case : case case study parents [7] JOrganize
Small Selection =
group ‘ot ? study study subjects 3
interviews case — case . -
Calculator studies subjects subject independently Interview Consult ‘Write
roblem c.s.'
solvim in class with 5 {Reveal previ:us study with case
classes » ach con- study
. gsetting question case teachers . :
study to data sultants reports
veekly test teachers, .
Design Pilot and ™
C.S. data refine (Included parents, Interview E
:ollection C.S. datas in 102 and C.8.'s -
orms ent :
forms sample) students) N !t’;:?:hers
Design Pilot 7
case study case study =
interview interview =~ ' )
questions ptotocol
- - i -
R e v { e w c a s e s t u d vy 1 1 t e r a t ure ]
. 71 :
Figure 19, Case study ldentification process and data collection process .
-~ .
o
O
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basketball, and campinq*~\_He°‘cou1d be classified as a

' plodder; as one who works dilligenthy. Reading and math

have presented him problems throughout. his school years.
Although he 1s a croperative student and tries to please; he
il‘not enthusiastic about school work.

Bill is & guiet, msensitive boy who achieves low average
resulte. He is serious about achool and tries éo please his
tonchnrn’apd parents. Bill has reacted nugntivelglﬁo A
vounger sibling who receives much attention due to a medical
probla&. Ell blossomsowith success and support. Because of
his sensitivity and passivity, he is not well accepted by
his peers. Without peer acceptance, he chooses to play with
younger children or girls. He is known to be a follower or
a loner in school. ‘\Hill provided us with some insightful
data throughout the study.

Tom is a bright-eyed., active, alert boy who responds to
a challenge; the bigaoer the task, the harder he works and
achieves. He has presented his teachers and parents
problems 1n previous years due to his pagr achievement and
work habits. Tom is classified as an under—-achiever. He
has not become rospénsibla For his own learning and thus im
unable to direct Mms efforts toward positive results. He
has a stable family structure providing him much support.

Tom provided us much insiaght 1nto how a bright student copes

and survives in school.

it
[ ARV
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Harry is a s1dw  student who has 4 history of poor

school achievement and poor study habits. In previous yegrs

<

hi&AHNMNHH*HhFiﬂkﬁﬂgt“ﬁéTﬁTﬁﬁTﬁﬁﬁIWEEH?;V;hEHt tests range
hetween the 10-20 'pnrcantiles. (Current vyear - 17th
percentile.) He also has had family problems which cause
hiﬁ much diféNgulty: problems like re—-adjustment to a new
father, step ‘§¥othnrs; and sastep sisters. Very . little,
;nt.r.it and genuine concern for him is exhibited by his
fanily. Hirry is labeled a trouble-maker in school and has
reqiired much tEéFhEF attention. Because of his attention
getting behavior, his presence in the'classroom is usually
noted. In order to keep him on task, Harry was often
isolated from the class. He has energy which needs to be
directed. His sixth grade performance, school attitude, and
self-concept changed during the year.

Sue is an alert, attractive, and mature girl who might
be classified a; gifted or talented, yet she has a poor
achievement record in mathematics. Math has presented many
problems for her and she was able to vocalize much insight
to her response to math instruction in school. Sue is an

avid reader, an, artist, a musician, a poet, and a world

1
|
traveler. She Aas many friends and relates Qell to perasons

e T [ T e e e A P e
" | )
. ' . JS ’
,( - ’

of all ages. Her parents are both professionals who treat

her very adult-like and insist on her being independent.
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Sam is a high average student who achieves average
results in school. He is Kknown to be an inconsistent

worker: yet at times he is insightful, organized, and

togicalr—He ~performe very — well when motivated. His
attention span and performance record ére directly related
to his motivational level; he "turn; on" or “tunes out"
depending on his interest in the task. Sam relates well to
his family. They are frusthated with his incdhsistent
:c;;ol record. Many times Sam is placed in a "do-or-else"
situatifon before he tackles & task. He is a natural leader
providing the direction and support for others. He finds
difficult tasks challenging and rewarding.

ngﬁonge to Problem Solving
I

Students. Generally speaking, the case study subjects

were initially cautious and hesitant in approaching pFoblem
solving. As they- learned strategies to use in problem
solving, however, their attitudes changed. Sam and Tom
seemed to respond most positively to problem solving., They
were very successful and became quite confidenc with problem
solving experience. On the other hand, Faul and Sue s;emed
much more comfortable with the standard textbook approach to
mathematics. Even though not a strong student general ly,
Harry slowly came alive to mathematics as he learned prnblem
s0lving strategies.

Bob and Bill did not seem to respond as'favnrably to

problem solving. It is interesting to note that none of the

[

-




teachers of Tom, Harry, Paula, and Sam were enthusiastic and
effective. Listed below are the student comments. -

"I like problem solving."

"I can solve problems."

"1 feel good when I solve problems."
/f, "Problem solving makes you think."

"The problems were interesting and

chnllnnging;“

"I share my problem solving problems with

Mom and Dad."

"I like to talk about the problems." -

"}ho pLoblnml were funi it was neat trying

to figure out those hard problems."

"I like problem solving. I like to think harder.

I liked both easy and hard problems.”

"1 worked harder last semaster than I o;nr did

before in school, because it was fun." \

"Everybody in class leaé;ed during problem

solving time. Nobody learned when we did

book wori.,*

"Problem solving makes math real.”

"For the ¥first time I remember what ! learned

-3
Ce

&3

]
three students in the Fs Groups responded
enthusiastically. whi{e calcul ator use was a likely
m*hmmnawwm«~»4H¥4H.HEIrm%h.“t.icth“Vﬁfflbf'““'hcﬂfd”ﬂﬁt”b'“fgﬁor.d] The
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earlier. 1 never‘will forget £he problem

solving."

"I love probiem solving. It was challenging.

I’ve learned a lot."

"My grades went up during problem solving."

"There would have been no order in our math

class this year without the problem solvinb.

We wanted to get the problems done so we worked."

"Math has not been my favorite suject prior to

sixth grade bacause I couldn’t remember when tc
do what. I was forced to decide when to
add/subtract or etc. all by myself this year.
Last year I depended on my teacher to tel} me
what to do."

Teachers, The te;cher’s response to problem solving
was quite varied. Of the ten ‘teachers involved, six were
openly enthusiastié about the problem solving approach. The
others were supportive but seemed more domfortable with the
textbook approach to mathematics instruction. Two teachers
in particular became strong advocates of teaching problem
solving. All tea:hers were very cooperative. Teacher
comments aabout teaching problem solving are given below.

"My kidﬁllike the problem sheets."

"First time I've had no discipline problems. They

get so involved that they don’'t have time to get

’




y
interviewed to obtain their perspective of the project and

&3

in trouble."

"The problem solving homework is always done. 1If.
there is any work not completed, it definitely is
not the math pro-lem solving."

"I teach a concept when } need it to solve a problem."
"S8tudents have to read critically to do & problem. It
helps their reading comprehension.”

"We now use the problem solving itrategiol a Iot in
science and social studies.” ]

"The TOPS cards are really great. All the ki&s like
them." \

"I hope we continue with problem solving instruction.
I still have lots to learn about it."

"I'm going to keep my materials - I'1l share them, but

I won't give them away. "

Parents. The parents of the case study subjects were
e ——————

impact on their child. The parent response was

unanimously politivé. As a result of the problem solving
experience the parents saw their child as more confident,

more motivated, more inquisitive, and more willing to talk

school work. These attitudes were ahared by all

parents interviewed. It is as though previously children '
had viewed school as a chore. a&n undesirable task that had - -

to be done in coﬁtrast) to seeing problem solving as
-, 4 .

)
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challenging., worthwhile, and fun. The parents were very

¥

.pleased with these observed changes 1in their child. The

following comments chara&forize the parents’ feelings about
problem solving.
"So happy to see my child respond to learning.
What a change."
"His school work haws improved in all areas."
"He is asking questions again. It seems he
has found a need for learning.*"
"He’s less dependent on us at home. He does
his math homework first.
"She’s become aware that math is real and is
useful . "
"She has shared her work with us. This ig a
real first. She asks us about different problems.
Many problems we‘can’t do, yet she is able to
expl;in what and how to approach the problems.
Wished we had had problems like this when we
were i1n school."
"My son has worked hard this year — more than
ever. I think it was because he knew that he
must *dig’ to solve these problems. He really
wanted to do well." '
.

"My son is so proud of his math grades this year.

I'm very proud that he feels thigs way."
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"I'd like to have my child continue with

1
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calculators in school. If one.year can make this
big'n chnnqn‘in my child, I'm anxious to have
more of the same instruction.” ) ;
"Gu%’l 1’'d have té say, I was against my child
using a calculator in September. In January

I'm saying the oppnsit;. The .nt;rh project has
been good and'helpful fof my child.,"
"So happy to see my son interested in school.
This has been his best year in school. Math has
always‘been his poorest subject. This year ha.
has gotten A’s and B;s and ‘eems to dnderstnhd
it. I want to thank yvou both very much for \L.

helping turn him on to math."

"My child has demanded less help this year. ‘ v

"My child has shown more interest in learning

e

this year'~ what & welcomed change."

-
4

"l hope problem ®olving teaching continues 1in

;

1

_ |

He says he can do it himself." oo 1
‘ |

!

1

!

)

|
school. My child is much more confident -about.
his abilities."
"The dinner table has been the center of much -
problem solving discus§1on in our houge.™ .

When questioned about their child’s ‘participation in

the proiject, the parents unanimously expressed approval and
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volunteered favorable comments.
Response to Froblem Solving Materials
Students. There were .marked diff rences in pupil

response to textbook use and problem solving materials.
Case study students pointedly contrasted the two:
"Frogiem solving made math real. In problem solving
if you don't understand the book, you Jjust ask the
tgacher. In problem solving we discuss it. éhink
about 1t, and then try to solve it before we ask the

teacher for help. Problem Solving made me think for

myself."

"Problem solving is more 1qtaresting.“

"In problem solving we do a variety of things. In the
book, we just do page after page of I x 2 = &."

"In problem solving we choose which problems we wanted -,
to do and how we did them. The teacher always tells
us whlcﬁ page 1n the te:tbook, which wroblem, aéd
what we need to do to complete i+, I fall asleep in
class and at home doinq my math hogmework."

"The problems are intereétlnq.‘challgnqinq. and real
in problem solving. I; the book, they are boring.

I never get it finished."

"My par nts and I solved my problemrsolviqq problems

together at dinner. We al’ enjoyed them."

"My parents say I ash more questions now. 1 also ask
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for less help."

"I1'd choose problem solving to do over the text

bncnﬁsu the text is not interestirg. I don’t have to
think or explore. In problem solving I didn’t kno;
where to begin ~ that’s the fun part. It became a
challenge - Can I do it? 1 like to explore."
"When we’d qo to the book, we all got low grades.
Half the time I woudn’t do my homework, it was too
boring. They have boring examples. Teacher says,
'Flip to page --, do number 1-3.’ No reason to do
the work except to get a grade."

"Book problems are simple - our problem solving
problens were hard — I had to think."

"I like problem solving more than book work. I like
to think harder. You haye to think hard to do
problem solving. I luoked forward to the new
problam:."

"As soon as% our class went back to working in our
books, the grades went down. We were bored. There
are boring examples and problems in the book."

Teachers. Teachers were more hesitant than students ;o

contrast greatment materials  with textbook materials. Most
expressed a renewed interest 1n teaching math and enjoyed

the interesting praﬁlems. Using ., the problem solving

materials mede several teachers untc fortable and uneasy:




teachers seem to adjust more slowly than the students. It
was difficult for teachers to. adjust to the freedom of
eyplgrat1on. éhe group strateqgy. and ,caléulators in the
classroom (CPS classes only). Evaluation of pupil work was
& problem for = some teachers. They were somewhat
uncomfortable withc.ut definite grades on each assignment.
All teachers remarked about the increased 1interest in
P

mathematics. Comments of teachers follow.

"I'm just beginning to learn what and how to teach the

problem solving." (December. 1980)

"It was harder for me than for the kids."

"Hope our achievemert scores are good in May."

"1 felt like 1 didn*t hnow what each kid was doing or

what he hknew."

"1 had trouble grading the students."

“"Where can I get some of these problems for next

year ™"

"The cha}lenqe problems were a real challenge for me."

"I sti1ll use the teiitbool to teach the basics.”

"I can't believe how long we spend on one of those
problems.”

Response to Oroup Worl

Students. Different teaching methods were encouraged

during the treatment phase. Group work waas emphasized in

all FS and CPS classes. Students responded favoraoly to the
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group appr- nei1r comments werei

"Most ot the problem solving time we worked in qroups.
1 lifed to work in groups becacise we could help each
other. I helped them and then they helped me."

"l felt less pressure when working in groups."

"It was fun to arque about the problems. 1 was wrong
somaetimes."

"We learned to question each other."

"We had to explain to the group what we were doing."

"We discusﬁld the problems together and explained them
tp~the class. "

"I like using the overhead to explain the‘problems."

"My teacher gave us extra points if the group could
find two different ways to solve the problem.”

"We helped the tegcher solve several problems. He
didn't have the answer."

"I love group work because it is fun to discuss the
problem. Everynody has ideas about it. I can lead
the group or follow. I like to help kids with their
work. It makes me think harder when I have tot
e:xplain it to someone.”

“Each group worked as a team. If you got all the
problems, vour team got points for the day. I liked
my team although our team never won. a contest., I

v

lite to wort 1n groups.®



Teachers. Having students work in small Qroups was new

to most teackers. They usually had their students workins
independently when they were not presenting to the entire
class. The teachers’ response to group work was varied.
Somnjtsachera took to it immediately but others were not
comfortable with students in groups. They seemed Lo feel
less in Eontral. O-e teacter with many years of experience
did not know how to use aroup work. But after he was
assisted in trying it,‘”he used it regulariy from then on.

i
Specific comments made by teachers follow.

"IfLe never used group work before. I like it. yet
I feel better when I have the kids working
independently."

"I just used group wort one day a week."

"I like the inyolvement of group work."

"Kids have to help each other."

"It seems the children respond well to group work.

Maybe they like to talk."

el

"They have learned to help each other.,"

"l don’t know if 1 f ortable with group work

Cyet, 1 usuéfj;/;;;gjiﬂfjj:;;;; center for my group
work, "

"My students surprised me Qith their problem solving

in the groups."”

“How do I arade them™ 1| usually give the whole group
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the same qradellj/

"] use the team approach giving the team points for its

work."

"1 have to learn to adjust with the students. Believe
me, they’ve done a great job! I'm very prold of
their math scores on the SRA Tests this year."

"My kids have done well. They’ve jumped two grade
levels in math this yeer."

"I manag;d to get all the work done, but is was a

struggle.”

Response to Challenge Problems

Students’ responses to diffizult problems, especially
the math challenge problems, were very s;rprisiﬁg.
chgatedly, case@ study subjects of cross ability levels
commented about the desire, excitement, and challenge of
hard problems. Their comments follow.

"I like the Math Challenge Froblems. They were hard

and challenging. I like the *Fly’ one the best. I

got most of them. I lited the challenge problems

because they made me think the most."

"I like all the challenge problems. I got all but
one: I like them best. I had to get them to satisfy
myself - 1 couldn’t stand not to get one.”

"1 lite the hard problems the best. They make me

think more."




"I got all the Math Challenge Problems. My teacher
helped me with two of tham. I got &0 points for
doing the matn challenge problems alone. CPuld have
gotten B0 points if he had not helped me with two." -

"The harder the problems, the harder 'I worked. The
chellenqge problems were my favorites."

"The problems were interesting; some were hard. I
love the hard ones; more cnallenging and fun to
figure out. It took me a long time to do some of
them, but it didn’t seem long because i got involved
in the problem. The longest I worked on one problem
was one hour. Sometimes I had to come back to it.,"

Responae to problem solving strategies

We were particularly interested in whether the lubjnct
‘ recoanized and used the problem solving strategies. We were
quite impﬁessed with the manner in which the students spoke
about the strategies. They knew the names of the strategies
and spoke freely about stréfegy use although most students
had & favorite. Among the favorite strategies were Cuess
and Test, Make a List, and Lool for a Pattern. Statistical
and observational data substantiated that problem solving
strateéies were learnad and utilized by the case study
subjects., Their comments follow:
"T like to u the strateq.es to h;lp me. My favorite

one is Guess an t. because it is fun to see how




close you can get and to try to get close in a few
steps. Simplify is my lfast favorite because I don’t
un;erstand it. I use Make a List the most - I can
use it with just about any kind of problem."

"I like Draw a D;agrlm the best. I haelps me see what
I do. I do not use Simplify. I cnn’t.break it down;
I don’t know why. My favorite one is Look for a
FPattern."”

"My.favmrite strateqy is Make a List because it’s easy
to see what you’re doing. Guess and Test is my least
favorite because it takes too long, then E can’t seé
the pattern. I use Draw a Diagram the most. It
helps me see what I did. it helps me to draw
pictures of problems."”

"My favorite strateqy is Look for a Fattern because
1t’s fun to try to figure out what the problem is all
about. It’s like a game. My least favorite strategy
ig Simplify -~ I don’t know what to do. I use Draw a
Diagram the most. I like to see what the answer 1s
going to be."®

"My favorite strategy is Guess and Test because it is
easy for me. My least favorite strateqy is Simplify.

[

It makes more work."
.

"l uge Make a List ond Loolk for a FPattern more than

the others because I like to organize what I’m doing, -




I write more down on paper with Make a List, but I
get more right when I do it."

"The strategies sure helped me to see it more clearly. «
In math problems when I got stuck, I'd try one of
those strategies to begin. Sometimes it worked,
sometimes it didn’t. I kept trying until one would
wor k. "

"l used several of the strategies on the achievement
test this year." ’

"In science I use manvy of the strategies."

"Draw a Qiagram was help;ul in Social Studies."

"Look for a Pattern is very useful in all my subjects.
I use it when playing games."

"I taught my parents how to use Guess and Test and
make a game out of it."

"I try Ea make as few guesses as possible because it
takes so long."

"1 learned to ask myself questions like, "How would 1
do 1t?" What strategy to use,’” What I need to solve
it, and What would I use to solve it7?*"

"I learned the strategies - they were ®asy for me."

"I learned different methods of solving problems
(Gu.;l and Test., Make a List, Draw a bingrlm, etc.).

The strategies helped me to see it more cleérly."

"I use probiem scolving in my other subJpcts. 1 umed

ERIC 91
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th; strategy Draw a Diagram in Social Studies
yesterday to solve a problem."

"I used the problem solving strategies on a test
recently. I learned to ask myself, *How would I do
it?” What strategy to use? What do I need to
solve the problem and what strategy would I use to
solve it?” I still know the strategies. I learned
to apply what I learned and 1 remember it.".

"When I:don‘t know what to da, I just try lots of
things. I use 511 the strategies.”

Response to Calculator Use

Students. Fodur of the case study subjects were in tQihﬁﬁ“l

< >

CFP8 group and thus experienced calculator use in problnmi?(j‘ﬁg

o

=z

solving. They were uniformly enthusiastic about. using

calculators. They sesmed to f.ci more confid

approaching a problem when the calculator was available.'zﬁﬁ
also seemed to foster exploration. That is. if the student
had no ideas where to begin. th;y might just try anything
using the calculator. Often this suggested a next step and
consequently led to understanding the problem and ultimately
to a solution. Student comments regarding calcul ators were
most positive. Their comments were:
"I think I could get hooled on calcul ators." .

"l sike using a calculator in math class."

"I like ta play with the calculators."”
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"l got more problems right using the calculator."”
B "I like to qet.the work done fast."

"l got more work done using the calculators." ]
"The calculator works fast. I get more done in a
shorter time."
"The calculators helped me.to tell if I was close to

i the right answer."

f "I take the original problem, estimate in my head,

E ’ .then estimate on the calculator t; see if I was F

é N right."”

E "1’d like to use calculators on tests, too."
“"Calculators made math easier for me."

"1 like using the calculator and doing those hard

problems."

"l like to play calculator games, especially the

strategy games. They are real'y fun."

L4
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"I use the memory all the time." /
4
"1 like to push "clear’ when I get confused and start
k

all over. I don"t like to start over without the
calculator."” .

"Eltimation is easy for me with the calculator. \4

estimation has improved, "
"I get more answers correct."

Teachers., While the response " to calculator ué; varied

A ————

s

-~ -

} among teachers., 1t was quite positive; most’t achers felt
] B
E




that calculator-aided problem ;plving was a beneficial unit
of instruction. One teacher was uncomfortable with the new
technology but after the semester' of uUse ghé others were
enthusiastic about the usé of ca}culators. Most were

cautious at.t?l beginning.

The teacéers reported fegg:/,discipline problems and
more enthusiasm for mathematics when calculators were used.
Their comments were:

"First time !’ve used*a calculator in school. 1 was
apprehensiv; at first, but I really feel it has a
pPlace. The s'ower kids could do some of the long
computations which otherwise they could not attempt."

"I was worried about long divi:ion‘and_learning the
factg. The kids didn't seem to suffer from the
calculateor use."

"I like using the calEulaGor. My kids egjoy using it,
too. "

"It has not caused them any problems that I can see."

"There definitely is more interest when we use
calculators than when we do not." 7

"I was afraid we’d lose many calculators, but we only
lost two. It was surprising how much care the 1

students gave the calculators

"It helped my bright kids., too. I thought they’d

become lazy and,not want to do the hard work when we
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weren’t using the calculators.

"I think the kids were thinf%ng the calculators would
solve all their problems., but it didn’t. They can’t
just push the buttons:” '

"I liked seeing the sinw kid at least attempt a

problem. ' It definitely gave hHim some confidence."

"My kids can’t wait until they get to use the

calcul ators n;xt semester."”

"I don’t think my students really learned to utilize
the zalculators to the fullest in this semester. I
know I didn’¥."

Parents. Init;allv. parent reaction to calculator-~use
in s1xtp qgrade math class varied from neuyral to negative.
However, at the end of the treatment phase, parents were
uniformly positive about calculator use in problem solving.
When parents were questioned at conference time about their
child’s use of calculators, initially they responded
nppr.ﬁunsivély. Howevar., after the teachers demonstrated
calculatnP‘%}u in problem solving to the parents they baecame

quite suppurf}ye. The investiqating team visited one PTA

~
Group and met with the sixth grade parents in the project.

Comments below reflect parent .support aq@ the change of

attitude toward calculstor" use. . .
"1 didn’t'ﬁhink the calculator should be used when‘hy

child was still learning how to add..subtract,
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multiply., and divide. VYet., he/she was able to do.

those problems with the calculator that he wouldn't
even'attempt due to the lack of long computafions.

His basic facts have i1mproved throughout the year
F

even with the calculator. He sure loves to use the

v

calculator."”

[} k]

"My son’s qrédes have improved since he 1s able %a use
the calculator. He has aotten more problems correct,
thus a better score on daily work.

"My daugéter gould def1nitelv choqse‘working with th

calculator.
"The first thing my daughter asked for this Christmas
was a calculator lite she had in schqol. Where can 1

Al

buy one? Should T buy another model or 1s the model

she is using adequate™"
£

"Seeing my child enjov math.1s really a delight. I

Fnow the calculator vas a definite plus for her. I:

-

hope all teachers are learning how to use the :
calculators 1n schools. "
"We teep a calculator bv the dinner table fos our

evening dinner problemz whidh my son brings: home. He

-~

' Y
15 better with those problems than we are."

A

. M \ .
"I was strongly oppeosed to my child wusing & calcul ator

1in school until I saw how much he/she enjoyed and

.

" improved using 1f. He seems to have a better grasp

~
.
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and desire to learn. He says m;th 18 easy for him

- this *;ar.J'

The statement belbw qeflncts one CPS teacher’s Phsponse
to the project. ‘

"The problem - mplving calcul ator projeet Ty
|t3mu1ating, furr, challenging and most rewarding. I look
forward to math class because I never know what my'studéﬁt:
will do that day. I no 1longer worry about running oht of
materials and keeping the students out of trouble. 'Time
passes quickly and- I have less 'dincipline préblems. The

“kids are busily engaged into thinking and d;scusuing
problems in the context of problem solving. Yes, sometimes
it gets a little noisy. but I realize that they can control
it within the groups. I find the intere;t generated carries
over to other daily .activities. Many children enjoy
bringing in problems from home. altering the ones we have,
and even at times generating other problems. Qur math cIaQs
involved English, Social Studies, Science, Health, Reading,
and Language at tha’|same time. Mekc A List ﬁéaved very
helpful for all the children. I believe Guess and Test was
their favorite and that Simplify was the most difficult
strategy. .

"This proiect has definitely wad a ma}ar impact4on my

teaching. "I no longar can teach from the text presenting

the computatfons per se. I have seen what sixth graders can




do and will do if given the opportunity."”

Individual analyses of case study subjects
Pahla. befnd highly motivated to pJéase and to be
socially accepted. approached problem solving cautiously.
This was the first time she had been presented with math
tasks that were problems rather than‘exercises. Previoﬁsly.
" she could complete her wor. gquickly and then proceed.with
the next assignment. She was programmed to complete daily
assignments in routine fashion, achiev}ng exce%lent results.
This behavioral pattern did not ~acilitate her work in
calculator problem solving. She lost confidence and was
reluctant to discuss or share her work. She would cove;her
written worb when we would' wall by her desk. When asked-
agout the problems.-She—woqld remark that sge was thhn&ihg.
All during the year Faula was exposed to a relaxed, open
classroom where small group 1nstruction was the predominate
teaching strategy, As the éﬁudv progressed, she capiéalized

~

on her out-—going personalxﬁy and became a productive group

Dt Y

mgmber. She also learnadﬁ§bat. 1t was all right to make

L]
mistakes and there often would be false starts in the

exploration stage of problem solving. Once she realized
a

that she was expected to solve the problem in a

prescribed way., sh elated and tackled the problemg. Eoth

I

teachers and parerfts remarbed about her insecurity and

uncertainty early 1n the year.
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 Paula’s progress was related to her change of focus and

A
purpose. Her previous goal was |, to follow explicit

diroctionl‘cirnfully and accurately. This had brought good
.results. Paula was forced, to develog~dif3}rent response
patterns to problem solving.

Paula’s parents focused on her desire to lead. She had
a
a ltrong desire %o lead the group, but was not always

recognized as the group leader. She learned to respect the

opinions of others and to woi. .ucperatively. The group

. © 3
work allowed Paula to improve her relationship with peers.

’

Her parents questioned the teacher about continuing the
new approach 1in seventh grade. They wanfed Paula to
continue studying problem~solvinq. They were able to notice

chanqes'in her response‘ to problém) situations around the
\ .

house. She became more confident in her own problem solving

1

approaches. Yet she did not became an outstandihglprcbléh
solver.

) - h ‘-

. Paula is a pleasant, cooperative, and alert student

that any teacher would enjoy having in class. She has the
nbility' to nd;bt go an eﬁplmrgtoryzﬂsnttinq and make
excallent progress. Faula commented about how hard she
worked to keep up with the .mlémm. ~This was the first time

in school where she had been exbected to "think" rather than
just "compute.,"
Although Paula has the inndte ability to become a

superior chblcm sobvar she has such a strong desire to

[y
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please that she could once  again become a ‘“"dependent

) s
thinter" if placég 1n a teacher dominated classruonm.

Bob was quite a puz:lé to” the itnvestigating team. He
“Tever complalnad' or ‘qu95t1oned a551q;ménts. He: w;rked
diligentiy aﬁd‘independently on assigned problems. He would
repeat tHé same get procedures on every probleﬁ. He did not
break out of a computational mdde of thought, thus hg showed
little growth in problem solving. He would start to
explofe, then quickly resort to thinking. aboug adding.
subtracfinq..mu1t1p1yinq. and d1v1¢ing. His major problem
was that he had not learned to "think." He had a étrong
desire to please the teacher. His secores on daily

-

computations were good, vet he was wunable to apply his
kdqwledge in problem situations. He relied heavily on the
teacher to conceptualize the problem for himd After
conceptualization, he was able to carry out the plan.

Bob's readint was sliahtly below grade level. His

teachers and parents thought he wmight be limited by his

reading performance, yet we_notéd that he was able to read.

the test questions. _ -
Bob expressed enjoyment for math and problem solving

this year, yet we were unable to observe change in his

behavior as a result of the treatment. The reasons for thio

appear to be:

A deep-rooted computational mode of thought.

o~

-

wi
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¥ Inability to.adjust to a new approach. . N
¥ The neﬁd for much one-on-one assistance.
* Need for constant support. |
¥ Lack of motivation for task. -
X Hesitancy to explore.
In the many weeks of observation, we saw little change
in Bob’s problem solviﬁé perférmance.

Bill’s progress was marbed by great intensity of effort.
Since he was a quiet, reserved student, the observers
utilized a more direct route of inv-stiga;ion. While he did
not volunteer information easily or openly e responded
openly when asked a direct guestion. He rarely asked for
assistance from his teacher. Bill responded well to &
structured classroom where students woéksd individually.
However., once qroup w?rk‘ was 1ntroduced, he showed interest
in sharing. During the classroom"transitinn periods he

‘wasted much time waiting to be directed. ‘Throuqhout the year
he never took a leadershig role. As th; year progresaed he
did contribute to the group with key thoughts and questions.

Bill was very grade conscious and felt he had to.-get at
least B’s in all subjects. He commented that his teacher
did.net grade them 'Qn problem solving per se and he felt
freer during tﬁat time of day than any other. As I chatted
with h;ﬁ . father, I commented about Bill's grade

consciousness. He said he was not adare of this ‘nternal

1

1u]
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pressure,-vet he believed' Fi1ll was not working up to his

.

abilities and could do better. ’

.

0f all the 102hsubjects..ﬁ11L spent the longest time of
any subject completing th:a FST.. He worked at the FST for 85
minuteg. never oﬁcg showing signs of tiring. This i1ntensity
wag charaéter1stic of his behavior throughout the year. He

showed very little emutimn *for any task, yet he remarked
thaf math had been really fun this vear.. ] '

) Learning problem solving approaches for Bill came
slowly. Yet hic @eacher reported that he was able to apply
some strategcies.in science and soclal studies.

E11l lwarned how to exbrore a problem but experlenced
difficulty formulating % pfan and bringing closure to the
tash. Once he returnse to & rule«orientéd. structprmd
curriculum he mav once gaalh become pass;ve. He -needed a

longer time to become d&n active, independent learner.
§

o

Tom showed great academic agrowth and emotional maturing
during the treatment periog. Although Tom 1is an alert.
curious boy, he had been labeled a lazy, mediocre student.
He had been_ unable to focus on cmmaletiné a task, and been
unable to take responsibility for his own learning,

After observing Tom weably from September to May it was
obvious that changes were talkino place. At the beginning of
the year he was 1nattentive and mischievious ln tlass. He

had to be prodded to dm his math vurk, yet he reported that

.
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math was easy for him. A few weaks later. he\ﬁiegly
displavyed enthusiasm fPr math (problem solving). He 1s the
Eyp; of person that needs to see a reason for what he 1s
doing. As the study progressed he became an,exéellent
problem solver. He commented many times that he liled doing

the work quickly. He hesitated to use the Buess and Test

strategy because it toot toou long, yet when other strategies

B o

failed, he would resort to Guess and Test. . -
He thoroughly enjoved ‘worrinq with the calculator.
Tom’s family are stable business people in the community who

se® the importance of calculators. Tom maid, “Why not use

.

calculators in school? You®’ll ume them when vou take &

job!" His pnrﬁeption of calculator vee far excelled mout
studoq;s., He was one of the students” who used the
calculator whenever possible and complained when the
calculator was not available.

Tém is veﬁy observant. He was often the first one.to
notice any minor change in classroom management or problem
format (even print size or type). 0On several occasions he
iL!ntlfIJd a problem as having the s;me structure as a

previously golved problem. He would say., "This problem 18

lite ..." His greatest growth came in emotional stability

and learning postuwre. He toot 4 productive., active role 1n
aroup work and became a group  leader. He le?rned to workb

o

with paers and direct his eneradil~s toward the coal.

Tom chowed much Satiutaction  and aride throuwghout the

Y
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project. He shared much of his experience with his parents.

’ . .
His mother was the PTA FPesident who visited Tom's math

class. At the November PTA meeting she invited all ‘parents

.

to drop by his elassroom and learn what is qéinq o 1n sixth
grade math. She gave a personal testimony about her son’s

changed performance and attitude.

Tom’s personal ipterview ° and questionnaire data
revealed that he ;;:::zihly enjoyed problem solving and

[

'calcuiator use. He repeatedly thanked us for heipiﬂg him

and for providing calculators. Hxs/concluding comment on a
questionnaire was, "I thanl you for‘ letting uws use the
calculators. I alﬁo'wish that 'we could keep on using them,
but I guess we can’t;‘ I haﬁ ldﬁf of fun workied®with the
c;lﬁulator. THANE. YOU VERY MUCH. "

Harry provided much 1nformation about a 1low ability

i

student’s response to the CPS treatment. His overall school

performance was in the 17th percentile. For the first time

. {
this unattentive, mischievious boy was able to feel qbod_

about his mathematics performance. 0f all the students 1n
the study, Harry had to p't forth more effort to achieve a
"turn—-around." Since he =8 in need of constant guidance
and supervision, there is some concern about his continuing
along constructive paths. He even expressed concern about.
doing well in junior high school. His math performance was

much hiqﬁ?r than his performance in other subjects. Hig

.
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teacher was surprised but pleased with his work. The

4 /—
following comménts reveal his reactions and feelings about
L )

sixth grade math and the CPS project.

.

"I lihe problem solving."

"I like to work in Qroups.” When I get
stuck, I ash someone be:idn me for help. )
I help them too when they get atuck.

It’s lots more fun to work in groups."

"l worked harder last semester {fall. )
1980) thanm' I ever did in school before."

"I don’t like pages and pages of book
problems. The prebiems were fun — it
was neat trying to figure out those hard
problems. First tf?e I was given ‘any hard
pro9iems. When 1 had nothing to do, I
just got a notebook and paper anq tried

to figure the p;mblems. When I finished

a problem the kids didn’t think I could

do the;;a say, "I can’t do that problem -

how can you do it? I don’t think you got

that problem right.” They’d try to

prove me wrond. Sometimes we'd worl on

it together. 1°'d show them how I did the
problem; thevy never thought I could get

1t done." . -

"I like using the calculator. My grades

f Y
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went'up when I used the calculator. When we
don’t use the calculator, my gr;des go down.,"’
"I want to continue using the calculator
because 1t helped me get more problems right
and better grades. First time my fr}ngdl

«s - thought I could do math right."

Harry’s .aacher remarked about the impact the

project had on him;

Harry finds :ehool work v;ry difficult.
He has trouble paying attention and getting

his work done. M2 showed a renewed interest
in schoo; as a result 'of the ’strokes’ he
received in math this vear. The calculator
wns.a Qig factor in his getting the problems
done an& done correctly since he did not know
his.basid facts well. To my surprise he
tackled all the challenge problems. completing
all but one. His classmates did not trust him
at first, but learned to listen when he )
offered help. He was a better follower than
a4 leader. He worked best fH a-group, as he
needed the direction’and ;upport of othér
gstudents. His parents rewarded hi; with a
new bike for his qood grades in school. It

rl

was a real jovy to see this kid chhnge -~ he's
[y 3
a different boy.

Crs
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In summary. Harry's case rnows that even a lnw-achiover
can be successful in problem solving. A student ranking
nationally at the 25th percentile scored at the mean for thas

CPS group (14) on the ;brnblom solviﬁg posttest int.rvi.w;

He demonstrated a grasp of problem wsolving and made

excellent use of the strategies. -

"

- Sue was one of the most valuable case study subjects.
a

Her response to school and problem wolving were definite and
nntnbfq. Sue is a bright, well adjusted child. Actually,
she is quite mature for a si1xth qraanr. This stems in part
ﬁrom a family background of égtial' coqsciousness and -
affluence. Al though mature, she - is not always

self-confident, She is very pleasant and attemps to please

-

adults. th'in the type of student a teacher would depend

e

on for many responsible taskwm.

Yet having noted these many positive attributes, Sue
s
did not demonsatrate mastery of the problem solving process.

She was, slow to learn the strategies; in fact, she. never
‘,“
_mastered the technique of exploring a problem.

-8Sue was not as successful 1n problem solving as many

H

other students. Although she was a bright hard working

student. she was quite slow learning to use the strategies.

" This could have been,- in nart, a result of the relatively

*

péor strategy instructiom in her classroom. Yet gthers in

that classroom were successful in using the strategies in

| Y
-
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'problem solving. Sue liked to be. told .leﬁcitly what to

do. She performe&~comp1ex ona division expertly but seemed
lost 1rn deciding what to do on a problem. Being generally
successful in school, she seemed frustrated by her ability
to solve:* problems. * Even fhouaﬁ shé tried haéd.~problem
solving never became easy for er. She did make ﬁrogress
and was able to solve many problems., yet sré did not display .

~

the insights observed 1in other successful problem solvers.
> .

She liked onroblem solving and worled diligently at the
problems whenever that wés expected. Yet she continued to
struggle with the more difficult problems.A If she was 1n a
small group ghe would wait for others 7in her group to
deterp1ﬂe’the approach. Once she had direction., she would

wor k enthusxasfxcally to arrive at the answer. She was

quict to ash for help. expectini the teacher to tell her how

»

ta solve the problem. She d1d not have confidence in her

ability to solve problems. “he has the ability to be an
’ N . .

excellent problem solver. It seems that she could not
LY . + '

overcome her passivengss. Her desire to please was strong
and her confidence was 1low. Th1§ combinaixon eiplains her
willingness to worl at the problems but with little slccess.

é&‘p though Sue'was cooperative, her comments during a

-

- r -
post session interview 1ndicated she was “not happy to

perform' textbool tasl s. She commented that, "M: 'h wag
boring.” "I very _seldom get ,mb +Homewort done.” "I fall

asleep before | get the problems done." “"Never been ¢ble to

b .

’
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‘emember what I learned: vesterday." "1 don’%t know why I

have to learn fractions.” Sue described her response to
math textbook worhk as "flibping through the pages and doinq‘
examples 1-10Q,"

Sue’s verbalization ind perception of the project
exprassed during the interview was phenomenal. She began to A
view math as a thinking and learning process. She was able
to perceive many of the changes within herself as well as _.N
her classmates a&and *eacher. Peing able to express her
tﬁnughts 50 adult-like was quite unusual ,

AThree weeks after the school year ended., she seqt us &

i - e f =
poem which she wnote‘\ﬁummgrlzlnq her s®ixth grade problem

-

s0lving experience. J{t 1s surp;;;Thg~that a twelve~yearjnld
could cnmﬁrehend and express the thrust \Eﬁd impact of the '
project so clearly. Her poem follows: _
The & tion That Has Never Lost Its Claes \-
This ‘is a story about & class
Qho had a terrible time dealing with a;th.
Decimals and fﬁact1ons bored them to\Eparsa
Percentfqas and graphs were pains in the rear.
The teache? thouaht the Fids were all deaf and dumb
All the Elgss did was twiddle their thumbs.
This went on fof days and days

There seemed to be nY hope no way. \\\\

Untxl‘one day the teacher walled into the room

Smiling in the middle owf the class’® gloam.




AN

There was & small box she clutched in her hand

AR box and a rubber band.

~

She started talhinq with a laugh

And told the kids they were going to enjoy math.

-The kids showed their doubts through their’ looks

\

You couldn®t enjoy math with their math books'
Said the teacher. "These are Story Froblem
Solving Cards." )
"“"They won't be easy. they will be hard."
"Problem Salving!'!" the class groaned.
"We don’t need to solve their problems

We've got enough problems of our own."

"But these problems will be fun -~ just wait.

.

You’ll never qetrfar at this kind of rate.”
Two weeks passed #nd the teacher was right.
The kids now loved math with all their might.
Every kid coﬁld now choose what he wanted to do
There were 200 carde colored in red. white.

and blue.
They could solve ;helr problems by guessing

\ and testing,

Drawing diagrams. looling for patterns, simplifvying,
and maling lists.
There was so much of a choice 1n math it was .

absoluielv bl:ss!

The tids could work in groups or worb alone. -




.They could Ho the cards at wchool or do them at home.
Then there were challengers gheets
The problems weré interesting, challenging, 3\
and neat. =
Now Problem Solving Cards weraen’t absolutely perfect(
NothingQ ever is. ‘
Kids still got frustrated .
Ana there were problems they missed.
But over all the cards were great! )
They put kids into gituation; th}y‘d soon have
to face. . .
The cards taught them how to balance money and
how to read 'a map, ’
They taught them how to triple a recipe and
other things kids have to learn to adapt.
It showed them how much the world was run by math
if vou really looked
So much more math then you'd ever find in & math book.

o
And because the kids now enjoyed math time

|3

Their grade averages began to climb.

So the moral of this story is merely

Get a hid interested and he will improve clearly!

From the very beginning, Sam responded fé?orably to
problem solving. Az the vear progressed, he became

confident and self assured. Throughout the treatment phase i

117
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he was among the three best problem solvers in his clags.
As noted earlier, Sam was an inconsistent worker who
could achieve excelient. results when motivated,iwhile at

times he performed as & low-average studept., His entire

\}poltura in math class changed as he became motivated by

-

problem solving. The observers were impressed with his
insights, his leadership qualities, his decision making

abilities, and his persistence. He tackled problem solving

aggressively, becoming an intent, serious, persistent.,

exploratory, and successful problem solver. The aspect of
problem solving which QﬁJ_EEEEZEE__fhE most is explained by
his coﬁments: "Iry problem solving I didn't know where to
begin - that’s the fun parf. It becomes a'challenqe - Can 1
do it? I like to explore." .

Sam's inconsigtent béhavior throughout the year can be
explained in that situations and activities which reqqired
only rouf{ne reéponses forced him to take & different
approach to school. He saw the project tasks as FROBLEMS
and tﬁarouthy énjovaé wrestling with them. He commenrted
about the Challgnqe Froblems because he was forced to
explore and struggle to find a solution path.

Sam did not lile, activities which demanded routine
memorization or applicationiof rules. His general pProgress
in school was. evaluated by teachers as C or C work.

However when 1t came to problem solving, his response was

totally different; he was enthusiastic, task oriented. and

112
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creative. He became one of the best problem solvers in the
Class.

Sam displayed and used excellent mental estimation
skills, This was particularly evident in the testing
situation. His pleasant, easy-going, personality allowed
him to relate to his peers quite well. He wn; very
sensitive to their Lecds and  could assess his group rcle
easily. His remarks &bout small, group wory werel

I love g;oup work because it is fun to discuss

the problems. Everybody has ideas about it.

I like-to help kids with thefr work. It makes

me think harder when I have to nxpléin it to -

someone. ‘

Sam thoroughly enjoyed using the ca}culator in school
and profite %rom the calculator experience. Although
initially his pareq}s did not fully suppqrt calcul stor use
in schools, they became convinced that Sam’s calcul ator
problem solving experience was the highlight of his sixth
grade vaeaar, Sam’"s * comments reflect his feelings about
calcul ators; "I Eﬂinkwl could get hooked on calculators. I
still need to ume my mind whéh I use.thc calculator.”

Having observed Sam, in many sltuations, t@i
investigators conclude that Sam™s inconsistent overall
.school performance and poor attendance record from previous
y®ars can be directly related to the type Df‘IChDDI tasks.

When presented with problems in problem situations. he



responded actively and gaggressively. If the tash became
routine or practice-like, he resorted to his passive self.

Sam’s response was interesting but perplexing at times.

\M\
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Discussion
This study 1nvestigated the problem solving pertormance

of si:th grade pupils under several conditions. There were

three treatment groups. a Froblem Solving group (FS) that

experienced problem solving activities 1n addition to their

reqular mathematics program. and a Calculator Problem

o

Solving group (CFS) that used the same supplementary problem

solving materials as the FS group but 1n addition, had’

calculators available, and a Control group that studied
mathematics from éhair regular grade level text. Thrae
problem solving ability levels were formed Qéﬁnq scores on
‘the Iowa Froblem Solving Froject Test. b
In‘order to assess treatment effects, three measursas
were used: a Problem Solwing Test., the Iowa Froblem Solving
éFoJect Test., and case studies. The Problem Solving Test
was administered 1n  an 1nterview format:; two experimenters
rec®rded 1nformation az they observed the subjects solve
five nonroutine mathematices Lproblems. A rating scale was
congtructed for coding the pupils responses: The simgewn
ratings are defined i1n Appendir: C. The IFSE Test was group
adminietered using alternate  torms, 10 a pretest-posttest

design. Seven sublects from the 8 and the CFS groups were

tdenti fied for careful observation  Shroughout the B weel

treatment phase. ’

-
i



be discussed.
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N
When the results of both the PST and the IPSPE are taken

Treatmunt Effects

together, it is apparent that Ehe s&chctl studying problem

solving, with or without calculatorqj,,perfﬁFa;d at & much

.higher level than those gub%ﬁctéﬁ in the Control group. On

o
the PST, the Sucdéﬁgx scores of the Control, PS8, and CPS
qroups were 4.4, 12.4, and 14:3, raspectively. Not only are
these differences statistically differant, thity are
educationally significant. Further, the FS and' the CFS
é.Anl were uiqntfic&ﬁtlv different from the bontrml QAroups
mwans on all 16 PST ratings. Each of the ratfnqi will n&w :

+

Strateqgy Use

The FS and CFS groups used nearly three times as many
strateqgies as the Control group on the f1Je problems. Not
only did they use ‘mare strategies, they used a greater
variety of strategies. This finding is of particular
impartance. Mathematics educators have searched for ways of
helping pupils solve Qnrd problems. Over the past 70 years
the wanted-givers app’ﬁach has predominated. The National
Assesament results as well as Findinq, from many studias
sugoests thqt this epproach haws b.;n ineffective. In this
study, the heuristic appraac% to é\eblem solvi%q was found
to be .ffﬂ:éivé in helping sixth grade pupiles of all ability

levels learn to use problem solving strateqgies. Use of

problem solving strategies was accompanied by significant

1i¢



lncreases 1n problem solving perfor@ance. Fnowl edge of
heuristics seemed to change the way students perceived the_
_problem solving tash: they no longer expected to apply a
rule but realized they could explore ‘and understand the
problem. When they perfaormed a computation, 1t was not with
the expectatfon tkat the answer would © necessarily be
obtained but that information be obtained that would lead to
understanding the problem and ultimatgly to a solution.
Thev expected to maLé several e:ploratory moves 1n reaching
a solution. They also FEalxzed that certain taools in the
form of problem solving strategies were available. This was
apparent from their comments during the PST interviews. They
would say. "I think I°11 try Guess and Test." or "This looks
like a Make a List proplem."

Most generalizations about the problem solving process °

have baen based on studies with older subjects, many at the

college level. It may be the case %ha%%}mxth grade pupils

3 -

approach problem solvina 1n a manner different from older
students. Certain differences 1n the problem solving
tehaviors of the subjects 1n’ this study need to be
recognized. For these students, the use of euploratory
methods seemed quite 1mportart. While students typically
sit and stare at tﬁf‘prbblem Or give up 1mmediately because
they "Don’t kn;w what to-do.", a student with an explgratory
mind set does not expect to tnow what to do at tirst. In

fact, he/she may not even understand the problem. This
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raiaes an interesting point. When f.céd with a problem,

understanding the problem may be the most important part of
the problem solving process ‘and may not be achieved until
near the end of the solution process. Based on the
observaticnse in this study, 2%3 following steps in problem
solving of sixth grade 6upilﬁ are suggested.

Steps ié problem solving )
1. - Euplore
2. Formulate a tentative plan
3., Carry out the proposed plém

4. Trv another approach as needed.

S. Look bacth

Our observations suggest thet for sixth grade students,

P%}ya’i firat two steps run together. Rarely does & student
understa;d the problem before he/she devises a plan. The
problem solving strategies gerve n" tools for exploring
which lead to understanding and the evolution of & solution
plan. Exploration geems critically importanf for sixth
grade pupils and the strateqies are the tcols for this
exploration.

The use of the Draw a Diagram strategy was rarely
observed during the PST. This may have resulted from the
choice of problems. Howaever, © D-aw: a Diagram was clearly
appropriate and needed for probles number four. yet only two
pupils uwed ;t. While thare may nave been some unidentified

confound., the use of this strategy was unpredictably low.

[
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Ify in fact, elementary school pupils do not .epontaneously
"us® Draw a Diagram F Y a4 problem solving strategy,
instruction in this heuristic must be carefully éonsid.rﬂq.
It may be that students ne;d longer and ;pecifically
designed instruction in order 'to) become proficient in the
use of this strategy. On the other hand, cognitive level or
spatial ability may play a role in use of Draw a Diagram.
Yet, mathematics educators agree that few heuristics are am
powerful as Draw & Diagram. Certainly, we must study the
teaching and learning of this strategy. Pupils may not draw
diagrams because of the contrasting mode of thought
required. The theory of hemisnheric specialization suggests
that Draw & Diagram would elicit more right humisph.ra
processing than other strateqgies.
Estimation

The treatment subjects demonstrated more than twice as

many instances-of estimation. durfng problem solving. While

ia

subjects in the treatment groups were, on occasion.
encouraged to estimate, little instructional time was
devoted to this skill. It is 1likely that increased

estimation resulted from e sloration and use of specific
strategies. 1If one explores, it is for a purpose and the
work is evaluated. Furthermore., Guess and Test as well as

Look for a Fattern implicitly encourage estimation. Thus

the incresased estimation seemed to be a byproduct of

&
m
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teaching the strategies rather than a result of direct

-

‘ -,
instruction in estimation.

Representation

[

Bugldinq a mental representation of a problem seemns
central “in probiQm solving. ' Evidently, studying apé usding
problem solvinq' gtrateqxes faci1litate this coﬁst;uctlve
procsss. Subjects'in  the treatment groups showed evidence
of having a mental repﬁeseniat1on Qf. thf problem more
frequently tRan those 1n  the Control group. Often, persons
do not consider a problem as solved until they have a mental
representaxos. .Dtherw1se.:'there "18 cogmtive dissonance.
Feétinge; (1937) has shown that a basic drive of maa is the
reduction of cougnitive dl%gmnancej Froblem representation
1€ an important top1£ e prqplem solving researcheés to

consider.

Used All Conditions

This rating was a measure of whether subiects used all
the explicit corditions 1n the problem. The Conditions
score of both the CFS and FO qrsﬁps,waﬁ more than twice that
of the Control group. Thus, the trea;ment had a profound
effect on sixth grade students’ use of Coéditions. One might
say that the treatment subjects read mora‘carefully. There
were no differences between the CFS and PS groups.

Froblem five of the FST 1llustrates the meaning of thas

‘ar1able. Many subjects found a combination of coins with &

value of $1.85 but 1gnored the condition that there were 16




coins. Some treatment subjectas initially imadn this Fr#or
'but fragquently discovered thsjr overlight.by re-reading the
problem during the solution process.

fhx; variable had the highest correlation with the
Success score of any of the variables, indicating that umsing
all the conditions was a critical factor in prab{lm s0lving
success. Considering the 1mportance of this variable, the
fact that the treatment wazs effective AsSsumes even greater
significance for the practitioner. Future research 1in
problem solving thuld consider this variable,
Organization

It is not clear why P§ and ,CPS aubjects appeared more
_organized. It may have bheen a function of their greater
production. Yet one could argue that with greater
produc*ion there is more opportunity for disorganization.
In genparal the tréatment subijects were not well orqani:ed

fven thouqgh they were more orqganized than the Control-

subjects, It 1s possible that using heuristic strateqies

induced an aorganization effect. Maybe the asubjects found

they were mor e successful  when they drganized their worl.
The treatment teacher mav have been effective in encouraging
the students to organize their work. Decause of the low

lavel of orgamiyation exhibited by ¢the subjects in thas

study, the results on this variable should be viewed with |

caution.

A J
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As subjects were solviMy the $i1ve problems of the FS5T,.
the two observers ;ere looking for evidence of a plan. Some
subjects proceeded to perform a series D% activities which
seemed unrelatea. there was no evidence of a plan. Othérs.
1in confraﬁtl seemed to lnow where they were going. what they
would do ne:t. However, their steps were not programmed
from the beginning as 1n rule applicaton but the ne:t step
depended on the results of previous moves. Thxsﬁlatter
'hehavior was considered ac ev1d;nce for planful behavior.

The analysis of variance on the Plan varlablé reveal ed
a Treatment X Ability ‘interaction. This was a comple::
interaction caused., 1n part, bv the reverse ordering o; the
planning scores ot the bl ee ability aroups for Control
subjects; the highesl abiliv group having the lowest
planﬁind scores. Actually the thrée treatment méans (H, M,
L) were guite simildar. The spread of ability qroup means 1in
the F5 and CPS  rnups wa: . much  greater. ThJs pattern of
mean spread was observed on other variables, Success,
Conditions, Calculator Fré;:EFEV:' qnd Calclator Use.
Another reoceurring pattern was the lower performance of the
low ability CFS group 1n  comparison to the FS low ability

group. This sugaests that the low ability subjects using

calculators did not plan as well as those 1ow éblllty

subjects studyina only hew itstic strategles.
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Lcobting Rach

There was a dramatic ditference in the looking back
b!hQVior among the treatment groups compared to the Control:
The Contraol subjects rarely looked back while the ﬁubjects
in either treatment qr%gp looked back frequently. This is a
particularly incouraging result.A Teachers Have implorgd
their mathematics students to label their answers, consider
the reasonableness of th qrswerﬁ and in general reflect on
their result. This appriéch has met with little success.
Teaching heuristic strategies had the effect of stimulating
lookirg bact. We can only specul ate on  the reasons for
this. Since CPS and PS subjwcts had a higher Representation
score it is likelv that thev had a better understanding 0;
the problem. This when Lthey arrived at-a moluéimn, they
were interested in seeing whether the answer matcged their
expectations. Other explanations are certainly péasibln and
should be sought. % )

The higher mean score of tha CPS group compared to the
PS group 1s attributgble to the performance of the high
ability CPS groups® they o .red guite .a bit higher than the
other groups, It 15 not surprising that the high ability
group 1leed b::1 more {requently than nthéf:abillﬁy qraupy

but thelr performan.e was 1n contrast to the high ability FS

group. It  appee o that the calculator encour aged more

looking bact . This “suggestion 1s  téntative and must be

verified by other studies before being accepted.
E 4
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on the part of the subilect« 1 this study.
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Confidence ;

%

As each student finished each problem an estimate of
confidence was obtained. The measure of confidence, based

partially on _the subje-ts self-report, was essentially a

Judagment deciston., Therre may have bheen experimenter bias
r
operating. There was & Treatment X Ability i1nteraction for

the Confidence variabhle. The low ability subjects did not

:

differ in their confidence ratings irrespective of treatmemt

grouﬁ. For the nther ability groups, the subjects i1n the

CFS and the F'S groups appeared more confident than Control
group subjects. There wase no difference between the
Confidence scores of the C(CFS and the PS groups. However,

there was a cifference between the scores of the male and

N [

female subjects cverall//éith the males appearing more
confident (p . .0l). {HL% wags the only one of the 1lé

ratings on which there was « si1gnificant se: difference.

Fersistence

Fersistence was, 1n part., a Jjugment decision. ' There

"~

was a deqgree m&jnﬁnect1v1ty since Time influenced the

rating. Subjects were rated hiah on persistence if they

explored the problem fullv to & solution. Some subjects

’

Just quach iy perftarmed e computation and wrote the answer

obtained. They would be rated low on persistence. The FS

+

and CF3 aqroups had significantl, higher persistence ratings

than the Control arouup. hus, “it  appears as though the

problem solving traxnlnq' contributed to greater persistence

121
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Computational Error

More computational errors were made by the FS éroup
than either the CPS or the Control groups. The FS group had
the most computational errors beceusa they were the group
that performed a large number of computations without a
‘calculating device. The fact that they still performed
relatively well 1n problem solving suggests that they were
@able to recover from many of these errors. The CFS and
Control groups made'abmut the same number of errors but for

very different reasons. The Control group made few

camputétional errors because they performed few computations

relative to the other groups. On the otherhand the CFS
qroup made few computational errors becauvse they performed
™

most of their computations on  the calculator, especially
compley computations. As might bhe expected. the low abiliy
subjects made more compulational eérors irrespective of the
treatment group membership.

The Treatment X Ability interaction for the Time
variable resulted Frnm'the per formance of thethlqh ability
group; they tool about the came time irrespective of
treatment group. For the other ability groups. the FS qroup
toob longer than eitlher the CFS or the FS group. They took
longer than the Control group l—beac:aussti\ they did much more

wortb. The Uime difference hetwoen the FS and the CFS graoups

for the middle and Jlow ability grdbups would have to be

<




ettributed to calculator effect. The high ability FPS

subjecty did not r¢ ure more time than the CFS ~ubjects:

they were able to compute with paper-and-pencil efficiently ’

while the other ability groups 1;-tﬁe FS Treatment reguired
more time to complete the problems.

GiEWEd as a whole, these {findings suaggest that bthe
calculator 1s hgfpful to students learning to solve
problems. Fup:ls are able to splve more problems 1n a given
period of time and thus obtain more problem solving
experience.

Correct Method

{

The correct method score paralleled the success score
and the Correct Solution ucore. Since these two variables

vielded the sane results 1here 158 nothing to be gained by

breakinag Succes; 1into the two ‘Edhﬁbnents{\\}n this study 1t
would have opeen sutficient to ‘have coded, just Correct
Solutions and not 1nclude a Correct Method score. This
might not be the case 1n other studies.

L

The Correct USolution score paralleled the Correct

Correct Solution

Method score and the Success score.

Calculator Use

The pupils that used calculators during the tréatment
phase made much dreater ‘dge uf calculators than students
that did not have them. ALl subjects had a calculator

available during testing with Lhe PST. Yet many failed to

LY

‘&



use it, even when they were strugqling with a complex

computation. Many were brushing the calculator with their
computing hand as they worked. Even though the week bnfo;n
testing the PS and Control subjects were trained to operate
@ calculator, they did not make as much use qf it duriﬁg
testing as the subjects. in the CPS group. Th{s suggests
that an extended period of time is needed to incorporate the
calculator as a thinking tool.

In studying Figure 4 it became apparent that there was
a greater spread in the performéncn of the three ability
groups within the CP$ treatment group compared with ﬁhe FS
and Control groups. The distribution of the ability group
means suggests that caléalatmr experience led to a more
divergent performance of the three ability .qroups within the
CFS treatment group. Thig pattern can Qe generalized by

rd

saying that pupils benefitéd from calculator experience in

relation to €heir abilitv; the higher the ability, the more

they benefited from calculator use. The more capable CPS
subjects showed concomitantly higher problem solving
perfarmance,

When the low ability CP3 gubjects” performance is
viewed 1n relation to the other ability and treatment
qroups, a potential calculator interference hypothesis is
suggested. Rather than profiting from calculator use. the

~

low ability subijects 111 this study seemed to be adversely

effected by using calculators. This finding ., is in sharp



.

contrast with the statement by some that calculators will be
particularly beneficial to low ability students because of
their weak computational skil}s. These results suggest
that, on the contrary, at least in tﬁe short term,
calculators alone will not male problem solvers of low
achieving pupils.

A longer trgatment period could produce different
resul ts: In this study the pupils used calculators for only
half of a ysar. This may have been too brief a time for
slow iearners to i1ncorporate the calgulator 4% & problem
solving toal. In fact. an 1nterference hypothesis seems
tenable. That is, the low achievers may have had difficulty
learning two new things at once; calculators and problém
golvinq strategies. The tasl coumplexity may have beeﬁ too
great for these students. The low achievers did profit from
the treatment: they Jutscored both the middle and high
ability sub;ects 1n‘ the Control groups. The interference
hypothesis 1s further supported by the qroup performance
patterns for other ratinas, -particularly, Strategy Use,
éepresentatimn. Condxticn;. and Flan, Low achievers may
need more time to asaxmllate new methods. Over a longer
period of time. calculators mavy in fact be facilitative for
low ability students. They can  learn to use problem solving

étrateqxes and® when they learn to use calculators, the

combined effect ghould be helpful.

12%
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Interrelationship ot FOT Yariables,
. .

The factor analysis of the 16 PST variables ;evealed

| that most of the variables loaded on the same factor. The
exceptions were Computational Error, Time, Calcﬁlator

» Frequency, and‘talculator Use. This could be interpreted to
-/ mean that the v;r1ables loading on the major factor were all
i measuring the same thing; general problem solving ability.
\ Subjects that used many and varied strategies were the same

- \ subjects that built a mental representation of the problem,
} made a plan, estimated, looled back, were confident, were

%;ipﬁfkistent. and were therefore successful. The cluster

N\ ¢

\\cons1stinq of Strategies, FRepresentation, Conditions., Flan,

\and Looking Racl were hiahly 1nterrelated.

i
]

1
Ability Group Differences ”
\

!

For each of the thyée abtlity groups, the CFYS and FS
groups showed agreater problem solving success compared to
éhe Control qra&p. At the beginning of the study, several
teachers expressed concern that problem solving was too
difficult for their students and that they would not be able
to solve the problems. As  the snmesteryproqressed. 1t
became apparent that this was not the case.l In fact., those
same teachers became outspolen 1n  support of the problem
solving activities for the low ability stud%nts. In the FS
group there was little difference in the mean performance of

the low and middle abilit/ groups.

125 |




Summary

, Teaching sixth grade pupils to solve problems wusing

specific heuristics was clearly effective. These pupils

whether they used calculators or not, became

much mor

proficient in solving nonroutine problems. They had more

problems correct. used more strategies, and in general were (
I more aware of their thinking as they appr;ached a difficé}é
} Problem. _enerally, they were more confident and exercised

more options in attacking a problem. While not all pupils
in the treatment groups learned to sorve. math;mati;s
problems eff;ciently, pupils of all ability levels showed
progress; it is not only the high ability child that can
become an effective problem' solver. However, several
important questions remain. Will this ievel of problem
solving performance be &aintained over time? Will it effect
scores on standardized achievement tests? Will the training
transfer to standard textbpor problems or, more generally,
be reflected in future academic performance? Other studies

should consider these questions.

Certain problem solving heuristice were more easily
learned by sixth grade pupils than others. Students in this
séudy quickly picked up on Guess and Test, Look for a
Fattern, and Make a List, while not using Draw a Diagram as

frequently. Great difficulty was encountered in learning to

s0lve a simple+ problem, probably because one must

o 1:}0
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understand the abstract ‘structure of the problem to use this
heuristic. Cuite surprisgingly, sixth grade pupils rarely
wrote an equation in golving problems. While elementary
school children can be taught to write equations in response
to specific ltimuli; the evidence from this study suggests
that thev do not assimilate equation writing as a problen
solving heuristic.

It appears to the investigators that a key to learning
to solve mathematics problems 1s developing an exploratory
mind set. Children seem to learn & rule oriented mind set
in school which inhibits successful problem solving

Purformance. Once a child 1learns that it is acceptable to

explore a problem., to malke a decision, and to decide how to

proceed, He or she is well on the way to becoming =a

successful problem- aglver. This observation may not

generalize to older persons.

The effects of calculator ume during problem solving

were less obvious. The hard data show that children using

calculators required =siygnificantly less time to solve

problems and made fewer computational errors. It appears

that considerable time (a semester or longer for some

students) mav be required to incorporate calculators as a

tool in problem =olving. Over the 18 weels of this study ‘

the low ability puprls did not seem to learn to use

-

- calcul ators fluently. In faut, the calculator geemed to

interfare with their problem solving performance. The high

O ) 1:31
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ability problem solvers profited most from calcul ator use.
There seems to be areat. potential in i1mproving Ehe
problem solving performance of elementary school pupils.
Teaching problem solving heuristics is one effective way to
build problem sole¢ing competence. By becoming good problem
solvers, children may be acguiring :mowledqe which can be
useful 1n a broad range of’ a;t1vities.\ As Greeno (1980)
araques, the thouwaht éroceaees needed in solving nonroutine
problems 18 not difterent from the processes necessary to
solve wellb structured problems. fhus problem solving

ability mavy improve A person’ s ability to dfunction

effectively 1n a broad ranae of ondeavors.
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AFFENDIX A

The Froblem Solving Test (PST)



PROBLEM NUMBER 1

THE SUM OF TWO NUMBERS IS 33,

NAME

STUDENT NO.

THEIR DIFFERENCE IS 15,

WHAT ARE THE TWO NUMBERS?

ANSHER




NAME _

PROBLEM NUMBER 2 STUDENT  NO.

TIM IS READING A 216 PAGE BOOK. |
THE TABLE BELOW SHOMS IS READING SCHEDULE.
HOW MANY DAYS WILL IT TAKE TIM 70 READ THE BOOK?

DAY PAGE NUMBER AT END OF DAY
DAY 1 | COMPLETED PAGE 12
DAY 2 | COMPLETED PAGE 29
DAY 3 | COMPLE\cD PAGE 46
DAY 4 | COMPLETED PAGE 63

4

L
[} s

> ANSYER

()
o,
~
A




PROBLEM NUMBER 3

Y

NAME
STUDENT NO. /

NOTEBOOKS COST $1,57 EACH.
HOW MANY CAN YOU BUY WITH $20.00?
HOW MUCH CHANGE WILL YOU HAVE LEFT?

ANSKER




NAME

PROBLEM NUMBER 4 STUDENT NG,

N

PAUL HAS A SWIMMING POOL IN THE SHAPE OF A RECTANGLE.
IT IS 31 FEET LONG AMD 23 FEET WIDE,

" THERE IS A WALKWAY 3 FEET WIDE AROUND THE POOL.
WHAT IS THE LENGTH CF A FENCE ARDUND THE WALKWAY?

ANSWER




PROBLEM NUMBER 5

NAME

STUDENT NO.

MARK GETS A WEEKLY ALLOWANCE.

HE ALWAYS GETS 16 COINS WHICH TOTALS $1.85.

EACH WEEK HE GETS ONLY NICKELS, DIMES AND
QUARTERS. EACH WEEK HE GETS A DIFFERENT
CCMBINATION OF COINS. FIND AT LEAST

THO DIFFERENT COMBINATIONS MARK CAN GET.

CAN YOU FIND OTHER COMBINATIONS?
EXPLAIN YCUR ANSHER. |

[F SO, WRITE THE COMBINATIONS YOU FIND.

ANSWER

1s

|
!
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AFPENDIY B

Interview Coding Form

-




CODING PORM
Student No. Boy
Problem No. _ Stratecy
Date of Interview Girl
- Success
CORRECT STRATEGY USED AND .
VARIETY OF STRATEGIES USED Estimation
| Type of No. [No.Usecd Computational
Strategy Used Coccectly Error Score -Representation
Guess and Test "Frequencies Total Used ‘All
. Conditions
Draw a Diagram
Make a List Organization
Simpl{fy Correct Solution )
Breaks ‘oto Part Score Plan

Look for Pattern

Write an Equation

Other/Others
TOTAL

[ USE_OF CALCOLATOR

COMMENTS:  pime:

Was subiject'n

No

picture taken?
number

O ies
E

Correct Method
Score

€Confidence

Persistence

Computational
Error

Correct
Solution

e e

Correct

Method

Time
Caléulaton
Frequency

Calculatorn
Use

Looking Back

10..

- CE —

11.

——————

12.

13.
14.
15.

D ————

l6.
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Definitions of Interview Ratings

Strategy (0- )

The Strategy Score is the sum of the number of strategies
tried and the number of strategies used correctly for each
problem. The list of strategies include Guess and Test,
Draw a Diagram, Make a List, Simplify, Look for a Pattern,
Write an Equation and a category named Others.

Correct Solution (0, 2, 4)
0 The subject arrives at an incorrect solution.
2 The subject arrives at one of the correct solutions
on a two-part problem.
4 The subject arrives at the correct solution to
the problem.

Correct Method (0, 4)
0 The subject does not use an appropriate method.
4 The method or processes used were correct and ]
complete except-possibly for computational error(s).

Success (0, 4, 6, 8)
The Success Score is the sum of the correct solution
score and the correct method score for each problem.

Estimation (0, 1, 2)
The Estimation‘Score is a measure of observed estimation
use on each problem,
0 No estimation is observed.
1l Some evidence of an attempt to estimate is observed.
2 The subject makes reasonable estimates.

Representation (0, 1, 2)

The Representation Score measures the extent to which a
subject developed some understanding in his mind of the
problem's structure.

0 The subject shows no evidence of building a
representation; subject merely operates on the
given numbers without understanding the problem.

1 Subject develops a representation, but it is not
complete and correct.

2 Subject develops an appropriate representation that
leads to the correct solution method.

Conditions (0, 1) .
The Conditions Score measures the extent to which the

conditions of the problems are used. .
0 The subject fails to use all the conditions in
the problem.

1 The subject utilizes all the necessary explicit
and implicit conditions in the problem.




10.

11.

120

13.

14.

Definition of Interview Ratings (continued)

Organization (0, 1, 2)
The Organization Score measures the extent to which a
subject arranged and ordered his/her written work on
the problem. :
0 Written work lacks any organization. If numbers are
written, they are in a haphazard way.
1 Written work is partial organized. Student attempts
to order his/her work.in some useful way.
2 Written work is well ‘organized with sequencing,
ordering, and labeling of parts. :

Plan (0, 1, 2)
0 There is no evidence that a plan was formulated.
1 There is evidence of some degree of planning but
the subject does not have an over-all plan.
2 The subject works purposefully, following an
orderly set of steps and/or trials.

Looking:Back (0, 1, 2)
The Looking Back Score measures the subject's attempt to
verify or check the step(s) of the solution process.
0 The subject makes no attempt to check computations
Oor processes.
1l Some evidence of an attempt to look back is observed.
Subject checks one or more computations.
2 Subject considers the reasonableness of the answer
and the procedures used.

Confidence (0, 1, 2) .
The Confidence Score measures the degree of confidence
the subject has in the process and the solution itself.
0 No confidence. Perhaps he/she cannot arrive at a
solution or his/her answer is more of a guess.
1 The subject arrives at a solution but still feels
unsure about his/her work. .
2 Subject seems sure that he/she has the correct solution.

Persistence (0, 1, 2)
0 Subject gives up easily; stops without success.
1 Subject works on the problem for awhile and then either
gives up or just writes any number as the answer.
2 Subject probes deeply into the problem, even if
unsuccessful. ’

Computational Error (0- )
The Computational Error Score is the sum of the computa-
tional errors in the problem.

Time (0~ ) .
The Time Score is the number of minutes the subject
spent on the problem from the moment he/she begins to
read the problem aloud to the moment he/she wrote an
answer in the box and ceased to work on the problem.

3




Definition of Interview Ratings (continued)

L 15. cCalculator Frequency (0, 1, 2, 3, 4)

| The Calculator Frequency Score is the number of
computations performed on the calculator.

No calculator use ////;=*\\§

1-3 uses

1
2 4-7 uses '
3
4

o

8-11 uses
12 or more uses

16. Calculator Use (-1, 0, 1, 2)
The Calculator Use Scorg is a measure of the quality
of calculator use.
-1 The calculator misled or confused the sukject.
0 No use of the calculator
1 fThecalculator is used for only a few computations.
2 The calculator is used to perform most complex
computations and it played an important role in
the solution process.

13




AFPENDIX D

Attitude Inventories




Example: For each pair of words below place
an X on the blank that besT fells

how you feel about-- .
SNOW
like ¢ ¢ & v hate
cold __ & & o i hot
work _ ot Lttt ___. play

P M WD S WS NN I T M I G T WG Gy G D NS ED My GNP WD GNP M WD WB G B D TR I MF TG WD WD G A G S e s

Directions: For each pair of words below
place an. X on the blank thgt best fells
how you feel about--

CALCULATORS
bed i ____:____ good
sad i __ i ____t____t____happy
boring & ___ i ____ ___: ____exciting
jump in ot ¢ :____holdback
hard ¢ it eoéy
more ___ t i i ___i____ less
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Directions: Read each question and fill in

.

2.

The space below your answer.

|s there at least one calculator in
your home7

YES NO

Are you allowed To use a calculator
at home?

YES
Do you think you would do better in
math if you used o calculator?

YES NO DON'T KNOW

O O O

Do you have a calculator of your own?

YES NO

O O




Exomple: For each pair of words below place
an X on the blank that best tells
how you feel about-- ‘

SNOW
like ___ ¢ ___:_.__:__ i hate
cold ___ o i1 hot
work ___ i __ i __ i i play

DlrecTaons For each pair of words below
place an X on the blank that best tells
how you feel about--

MATH
bod ____:____i___ i ___t__ good
sod ___ ittt happy
boring ____:____i____i____+ exciting
Jump in ___: __: : :  hold bc;ck-
hard ___ ¢ ___t_ it eqsy '
more ____:____i____t_ .+ less
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Apnpendl L

Sehedule of Activaities




Schedule of Activities for
Fall Semester, 1980 and
Spring Semester, 1981

Teacher
Orientation
Aug. 25. Week 1

PS Group | CPS Group Control Group
5 classes 7 classes 6 classes
Pretest Wk. 1-2 Pretest Wk. 1-2 Pretest Wk. 1-2
Aug. 25 - Sept. 12 Aug. 25 - Sept. 12- Aug. 25 - Sept. 12
f Introduction to ‘
| calculator
i Week 1-2 . ‘ -
, Aug. 25 - Sept. 12 :
- 6th grade }
[ math |
Teaching. P.S. with Calculaton .
problem solving treatment . curriculum NS
Weeks 3-7 Teaching techniques \
Sept. 15 - Oct. 17 of P.S. Weeks 3-7 18 weeks - 1
Sept. 15 - Oct. 17 :
— l — B ‘|sept. 15 - oct. 17 !
Mixed practice with_] )
techniques of P.S.
Weeks 8-17 ; . *
lOct, 20 - Jan, 9 1 ’
—
. R
. -
Post Testing
Week 18 A ’
i Jan. 12 -~ 16 L
) ]
Semester II '
‘ |

Interview Students
34 from each of the three treatment groups

Weeks 19 -~ 27
Jan. 19 - March 19

[ o
D
.
S

Interview




AFPENDIX F

Case Study Observation Form
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Student

Teacher

COMMENTS :

Date
School __
Evaluator
(1 low, 5 high)
1. Motivation 1 2 3 4 5
2. Grasp of P.S. 1 2 3.4 5
3. Strategies uéed:
Ga&T DD ML S P
4, Strategies uted correctly:
G&T DD ML S P
5. Other strategies used (list)?
6. Looked back? Yes ___ No __
7. Used calculator:
How?
How much?
8. Time on task Y
9, Was the work organized?
10, Follow directions?
1 2 3 4 5 NA
11. Interaction with teacher
1 2 3 4 5 NA
12. Interaction with peers

1 2 3 4 5 NA

Classroom atmosphere, class activities, other pertinent information.



